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On the cover: Playing the multilevel 
ASIC modeling game requires finesse. 
Once you start off, you’ll encounter 
ASICs with more than 20,000 gates, 
vendors with simulation secrets, and 
some closely held intellectual prop- 
erty. Instead of rolling the dice, read 
the Special Report for ways to make 
multilevel modeling easier. (Photo 
courtesy Texas Instruments Inc; art 
direction, Ken Martin; photography, 
Cec€ Cony oe es se as PAGE 74 
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Multilevel ASIC modeling SPECIAL REPORT 


Model accuracy and speed, intellectual-property con- 
cerns, and the lack of standard model formats will force 74 
you to mix gate- and higher-level models to simulate 

complex ASICs.—John C Napier, Technical Editor, 

with Julie Anne Schofield, Senior Associate Editor 






ICs provide control DESIGN FEATURES 
for sensorless dc motors 


The need for low-cost, highly reliable, miniature, 
brushless de motors has given rise to a new class of 85 
devices—sensorless de motors.—Dave Peters 

and Jeff Harth, Silicon Systems Inc 


Use Spice to analyze component 
variations in circuit designs 


If you already use Spice to simulate circuits, you can 
easily use Monte Carlo methods to investigate the ef- 1 09 
fects of component variation on circuit performance. 

—George Ellis, Kaydon Corp 


Fixed-point DSP chip can 
senerate real-time random noise 


An inexpensive, 16-bit, fixed-point DSP chip can gen- 
erate real-time pseudorandom noise signals for testing 1 1 9 
the performance of telephony systems in the presence 

of noise. —Bill Salibrici, TeleSciences Co Systems 





Low-power Ps simplify 
design of portable computers 


At the heart of portable computers are pPs with 
sophisticated power-management features that con- 49 
serve battery life.—John Gallant, Technical Editor 
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Endless Power Options 


Field-Configurable MegaPAC™ Switching Power Supplies 


Your opportunities are endless to mix and 
match MegaPAC options. And with so 
many possible power solutions available, 
you can define one precisely to fit your 
needs. 


But MegaPAC flexibility doesn't end there. 
If your needs change, so can your switcher 
...which gives you another reason to 
choose MegaPAC power supplies: they're 
the only field-configurable power supplies on 
the market. To alter voltage or power levels 
on site, just loosen a screw, slide out a 
ModuPAC converter assembly, and slide in 
a new one. It's that simple. 


Take a look at our new additions to the 
MegaPAC family, highlighted at right. 


For details about MegaPAC switching 
power supplies, call Vicor Express at 
800-735-6200 or Vicor's Westcor Divison 
at 408-395-7050 (FAX 408-395-1518). 


Size Options 


™@ MegaPAC—8 ModuPAC slots 
11.8"L x 6.0"W x 3.4"H 
@ Mini MegaPAC—5 ModuPAC slots 
9.4"L x 6.0"W x 3.4"H NEW smaller size! 


Tal elem @) elidfoyat= 


@ 120/240 VAC strappable 

@ 120/240 autostrapping universal input 

NEW! Automatically senses line voltage 

and straps power supply accordingly. 

M 85-264 VAC universal input with power 
factor correction NEW! Meets IEC 555. 


OTT feb] me) ejifey ar 


@ Up to 1600 watts total 

M@ Up to 100 or up to 200 watts per output 
@ 1-16 outputs, isolated & fully regulated 
M1 to95 VDC 


ModuPAC slide-in converter assemblies: 
@ Standard—one output, up to 200 watts 
m@ NEW DualPAC™ —two outputs, up to 


100 watts each 
@ NEW TachoPAC™ —for fast transient 


response to high-speed load changes 
Mm NEW RamPAC™ —for very low noise 
m@ NEW VXI Option—for low noise and 
low ripple to meet instrumentation 
standard VXI 


Family Options 


l@ DC OK (Power Good)—TTL signal high 


when output is >90% of nominal 
@ Trim range +10% or 40-110% of nominal 


@ Industrial or military grade modules 
@ Hardwired local sense 
HM Enable/Disable—TTL signals inhibit or 


enable each output; includes one-pin 
global shutdown 


Component Solutions For Your Power System G\\( a V4 [@@s) =; 


Vicor Corporation ¢ 23 Frontage Rd., Andover, MA. 01810 USA « TEL: (508) 470-2900 * FAX: (508) 475-6715 Cr 
Vicor GmbH « Tel: +49-89-329-2763 * Fax: +49-89-329-2767 * Vicor Far East « Tel: +886-2-9188240 « Fax: +886-2-9132982 
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A summary and analysis of articles in this issue 


Gooner or later, improvements 
and advances in technology are 
going to affect you and your prod- 
ucts. The articles in this issue of 
EDN concentrate on some of those 
developments that may not affect 
you today, but that you may soon 
need to consider. Many of those de- 
velopments are the same story: 
Some things get bigger so that eve- 
rything else can get smaller and 
cheaper. Of course, that doesn’t al- 
ways make your life easier right 
away. 

In the Special Report on Mullti- 
level ASIC modeling, John Napier 
and Julie Anne Schofield explore 
the problems you'll encounter if you 
decide to put a pP on your ASIC. 
Gate counts on ASICs are growing 
rapidly. Although you may not use 
an ASIC with more than 20,000 
gates today, chances are you will 
by the end of the year. So, now 
that there is room to stick a pP on 
an ASIC, you have to figure out 
how to model the ASIC to make 
sure it works. 

Sounds simple, but as John re- 
veals on this issue, “capitalism col- 
lides with engineering.” Semicon- 
ductor vendors won’t give you de- 
tailed simulation models of their 
chips because they don’t want you 
to reverse engineer them. But they 
will give you higher-level models. 
That leaves you with the problem 
of how to perform multilevel model- 
ing. John explores some of the tech- 
niques that make multilevel model- 
ing easier as well as tackling the 
issue of intellectual property. | 

John Gallant’s Technology Up- 
dateon low-power Ps looks at the 
power-management ICs that help 
you extend battery life in your port- 
able application. “In the late 80s 
and early 90s, a trend emerged to- 
ward putting power equivalent to 
a desktop PC in portable applica- 
tions. To do that, you have to be 
very clever about how you conserve 
power,” says John. “Handheld com- 
municators that keep you in con- 
stant contact with home and office 


”? 


is just right around the corner. 
With that in mind, John gives a sur- 
vey of popular low-power proces- 
sors for battery applications and the 
power-management techniques that 
will help make personal communica- 
tors a reality. 

In our Design Features, EDN 
looks to experts in the field to give 
insight into other trends. Dave Pe- 
ters and Jeff Harth of Silicon Sys- 
tems Inc discuss how ICs provide 
control for sensorless dc motors. 
Sensorless de motors are replacing 
the Hall-effect sensors normally 
used for motor control. These small, 
inexpensive, and reliable motors 
particularly suit rotating-memory, 
process-control, VCR, fan-motor, 
heat-pump, environmental-control, 
robotics, automotive, and toy appli- 
cations. 

Bill Salibrici of TeleSciences Co 
Systems explores more uses for 
DSP chips in his article. He discuss 
how you can use a 16-bit fixed-point 
DSP chip to generate real-time, 
pseudorandom uniform- or Gauss- 
ian-distributed noise signals. These 
signals can be useful in testing digi- 
tal filters, in implementing tone de- 
tection, in spectral estimation, or 
for speech-synthesis functions, as 
well as many other DSP applica- 
tions. 

As the industry changes, so does 
EDN. EDN is always open to the 
suggestions of its readers. When we 
hear an idea we think makes sense, 


we are happy to implement it. And, 


if several people suggest some- 
thing, we figure it’s definitely a 
good idea. Many of you requested 
reader-service numbers on News 
Breaks. You’ve got it. By circling 
the appropriate number and return- 
ing your postage-paid reader-serv- 
ice card to EDN, you will receive 
free information about the prod- 
ucts, trends, and technologies cov- 
ered in the News Breaks section. 
Keep the good ideas coming. 


Susan Rose 
Associate Editor 





Actual Size 


DC-DC Converter 
Transformers and 
Power Inductors 


These units have gull wing construction 
and are packaged in shipping tubes, 
which is compatible with tube fed auto- - 
matic placement equipment or pick and 
place manufacturing techniques. Trans- 
formers can be used for self-saturating or 
linear switching applications. The Induc- 
tors are ideal for noise, spike and power 
filtering applications in Power Supplies, 
DC-DC Converters and Switching Regu- 
lators. 


e Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 

e Transformers can be used for 
self-saturating or linear 
switching applications 

e Schematics and parts list 
provided with transformers 

e Inductors to 20mH with DC 
currents to 23 amps 

e Inductors have split windings 


Delivery— 
stock to one wee 


PICO 


Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 

FAX 914-699-5565 
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Advanced tools that help you 
build upon what you've already built. 
That's Total Integration. 


Moving quickly from concept to silicon requires the 
right development tools. That’s why providing you 
with powerful but user-friendly tools is a part of our 
Total Integration™ commit- 









ment. It’s why we're Working closely with 


Cadence Design 
Systems, we will 
install the ASIC 
— WorkBench™ 

in all world- 
wide TI design 
centres. 


committed to 
the establish- 
ment of open, 
industry-standard 
hardware and soft- 
ware tools that are compatible with those you 
already have. And — just as we have developed 
reusable silicon methodologies — so we maintain the 


~ same philosophy when it comes to creating powerful 


customer tools. When you need to combine your 
functions with ours, it’s an approach that will save 
you time and money. 


You need core tools. for core functions. Our 
hardware and software development 
tools enable you to adapt our 
advanced core functions to your 
system quickly and easily. 


For example, our DSPs are 


Our 
Logic o- 
Integration 7 
Software Tool™ provides 
a simple analysis tool to 
help you determine 
what complexity of 
product is optimal for 
your design: PLDs, 
FPGAs or gate arrays. 


world-class, so we provide a 
development environment to 
match. It includes high-level- 
language optimising compil- 
ers, multitasking operating 
systems, real-time emulation 
and more than 100 third- 
party developers for additional support. It’s as 
comprehensive and easy to work with as your 
general-purpose microprocessor environment. But 
that’s not all. 


Opening the door to open tools. To help 
you move to your next level of integration we’ve 


EXTENDING YOUR REACH 
INTEGRATIO 


Wid Hh TO TA L 






defined new commercial flows with leading software 
and hardware vendors like Mentor Graphics and 
Cadence Design Systems. After all, the faster you 
complete your product design, the faster you get 
to market. 


As a result of our combined efforts with Mentor, 
we are defining an open, industry-integrated tool set 
for combining complex mixed-signal functions. 


as DS nes This allows for on-chip 
kit is the lowest 


cost tool avail- 







_ integration of lin- 
- ear, power, micro- 


able for first- 

i god ~ controller and logic 
users who 

want to - functions. Our team- 
begin the |... Ke ’ 
evaluation process. ~~ work with Cadence is 


resulting in a next-generation, beginning-to-end 
design environment for ASIC solutions. Then, with 
early simulation and testing, TI can help you avoid 
time-consuming alterations and begin the process of 
designing complex silicon. 


Tools that simulate and test. To help com- 
press your design cycle, and make your life easier, 
we work with Logic Modeling Corporation to provide 
one of the industry's most extensive libraries of sim- 
ulation and behavioural models. And we offer a 
broad family of devices specially designed for rapid 
implementation of testability within systems. 


Assisting you to build the bridge to silicon inte- 
gration with tools that enable you to get to 
market faster — that’s just one part of Total 
Integration. Because Total Integration from Texas 
Instruments unites our best technologies, tools, 
information, people and services to help you extend 
your reach. 


Texas Instruments, BP 5, MS 94, 06271 
Villeneuve Loubet cedex, France. 


N” 


sa TEXAS 
INSTRUMENTS 


™ “Total Integration”, “Extending Your Reach With Total Integration” and Logic Integration Software Tool are trademarks of Texas Instruments Incorporated. All other trademarks are trademarks of their respective corporations. 
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Available in production 


quantities right now, Samsung’s 
60 ns, 2-meg VRAM is the fastest 


in the world. And it’s making us" 


_ one of the leaders in video products. 


But it will also do some 


remarkable things for you. Which , 


© SAMSUNG SEMICONDUCTOR, INC., 1993. 


means you may want to start | 


putting this extremely fleet VRAM 
to use in a hurry. 

You'll have all the es 
count, low-power and low-capa- 
citance advantages of a 2-meg. But 
youll also have the advantages of 


speed—with a 40 ns cycle time for 
Fast Page Mode, and an 18 ns | 


tscc. Which will result in faster 


image creation, and will also make 


it easier to drive high resolution a 


and high refresh rates. | 
_ Those things, in turn, will — 





Samsung's broad line of VRAMS. 


FASTEST 


PART ORG. SPEED 


256K x8 
128K x8 
256K x4 


KM428C256 60 ns 


KM428C128 60 ns 
KM424C257 


KM424C64 


60 ns 


64K x4 IOO ns 


All parts in production quantities now. 


enhance the image-making powers 
of the video products you use 
them in. And improve your own 
image as well. 

At Samsung, our extremely 
fast VRAMs are further advancing 


our leadership position in memory 


products. And, like our cutting- 
edge static RAMs, they build on our 
remarkable achievement in building 
the world’s first 16-meg DRAM. 


To learn more about video RAMS 


with Mercury-like speed, please 


contact us at 1-800-446-2760 or 


CIRCLE NO. 115 


408-954-7229 today. 
Or write to vram Marketing, 
Samsung Semiconductor Inc., 3655 


North First St., San Jose, cA 95134. 


_ &SAMSUNG 


A Generation AHEAD. 
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When’s the right time to cross over from 4Mb to Our 2Mx8 organizations also give you the cleverest 


16Mb DRAMS? | solution for providing 8Mb of base memory in your 
When you can get access times as quick as 60ns, next generation of portables. And today’s higher 
a greater than four-fold drop in performance systems can 
















| _ Access 


boost system throughput with 
Time(ns) — Fackage y emp 


power consumption and great- 





ly increased design flexibility the wider data paths of 2Mx8, 


1MX 16 1K, 4K 70/80 SO, TSOP 


with byte-wide and word-wide 1Mx16 and 1Mx18 parts. 
IMX 18 1K 70/80 SOJ, TSOP 

organizations— and nota 7 3 Combine all this with 
ZMXS ek 60/70/80 SO],TSOP — 

nanosecond sooner. backward compatibility with 









4MX4 2K,4K 60/70 __ SO, TSOP 


Or, to put that another way, the 4Mb generation, access 





4K 





16MX 1 60/70 SOJ, TSOP 


when you can get a second- times of 60, 70 and 80ns 


et Pe Re a 


generation 16Mb DRAM from that and wide variety of SOJ and TSOP 


dynamic dynamo, Toshiba. We’ve com- package options and you end up 


bined a 0.55 um die shrink with optimized row with maximum design flexibility. 





and column architectures. The result: some very Toshiba is committed to 
compelling reasons to make the move to 16Mb now. staying at the forefront of memory technology and 


To start with, there’s substantial reduction in board __ to keeping you at the forefront of your competitive 


20 to great widths to offer you design flexibility. 





real estate when you replace four 1Mx4 parts with markets. And we go to great lengths— and widths— 
one 1Mx16 part. And SIMM modules in 1Mx36 and to stay on top. 

2Mx36 configurations, utilizing the 1Mx18 DRAM Please call 1-800-879-4963 for our DRAM Product 
in place of 4Mb DRAMs, provide elegant solutions in Specification Guide. | 


today’s power conscious systems. 


In Touch with Tomorrow 


TOSHIBA 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


©1993 Toshiba America Electronic Components, Inc. MST-93-118 
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Miniature in size, but a giant when it 
comes to performance, HP’s new 
HCPL-7800 high common mode rejec- 
tion isolation amplifier is nothing 
short of revolutionary. 


We've used our leading optocoupler 
technology to create the world’ small- 
est high CMR isolation amplifiers— 
so small they fit in a standard 8-pin 
DIP or SMT package. Giving you a 
revolutionary alternative to Hall- 
effect sensors that provides the com- 
petitive advantage you need to meet 
today’s demand for smaller design 
solutions. 


Our new isolation amplifier also 
delivers unequaled CMR performance 


16 = EDN April 29, 1993 


With HP the biggest news 


baw ane re aeealnce) 


is also the smallest. 


and excellent drift characteristics in 
high-noise environments, far out- 
classing standard current transformers 
and bulky Hall-effect sensors for 
current sensing. 


Its small price may surprise you, too. 


But that’ not all. HP also offers isolated 
power transistor drivers that deliver 
high output currents and a wide range 
of output voltages. Team them up 
with our new isolation amplifiers, and 
you'll have a complete motor control 
solution from one reliable source. 


All of which gives HP a big advantage 
when it comes to serving your motor 
control needs. Because now you can 


CIRCLE NO. 34 


get the smallest solutions at smaller 
prices, all with one little call to HP 
In the U.S., call 1(800) 227-1817, 
ext. 7251, today, for an information 
packet and to request a designer’ kit 
including a free sample. In Europe, 
fax us at (31) 20-691-5701. 


There is a better way. 


In Canada, call 1 (800) 387-3867, ext. 7251. 
CG08301 
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FPGA Update 


Programmable-logic performance benchmarks. The Pro- 
grammable Electronics Performance (Prep) Corp has made 
the data from its first benchmark suite (version 1.2) of nine 
circuits available. The benchmarks include data on devices 
from Actel, Altera, AMD, Cypress, Intel, Quicklogic, Texas 
Instruments, and Xilinx. The benchmarks show how different 
field-programmable gate arrays (FPGAs) and complex PLDs 
compare in speed and capacity for a variety of circuit types. 
_ The benchmarks provide a considerable amount of informa- 
tion that should prove helpful to engineers deciding which 
PLDs are suitable candidates for an application. Certified 
Prep benchmark results, including background material, cost 
$25. Prep Corp, Los Gatos, CA, (408) 356-2169, Fax (408) 
356-0195. Circle No. 509 


FPGA software is free and almost free. If you’ve put off 
using FPGAs because the high cost of software prevents you 
from evaluating the devices, your excuses are gone. Intel is 
now offering the PLDshell Plus 3.0 software for its iFX780 
Flexlogic family for free—it previously cost $249. If you cur- 
rently use Data I/O’s Abel or Minc’s PLDesigner-XL V3.1, 
you can obtain free FPGA support by calling (800) 323-3753. 
Logical Devices CUPL Total Designer V4.4 and Orcad’s V2.0 
environment also include support for the Intel FPGAs. | 
Intel Corp, Santa Clara, CA, (408) 765-8080. Cirde No. 510 


Quicklogic lets you try out its FPGA design software with 
a 30-day license and 30-day hotline support for $99. The 
software includes Windows-based schematic entry, place and 
route, and full timing analysis. You can view the physical 
layout of your design and interactively cross-probe between 
the layout and schematic. The $99 can be applied to the 
purchase of an unrestricted user license. Circle No. 511 


FPGA gets faster, cheaper, smaller. Quicklogic has also 
released a new version of its 1000-gate QL8x12A that is 30% 
faster, 30% less expensive, and is available now in a 1.4-mm 
thin quad flatpack (TQFP). The speed increase reduces the 
logic-cell delays on the fastest versions to 2.4 nsec. You can 
obtain internal data-path operating speeds of 120 MHz. The 
price reduction results from a 20% die-size reduction due to 
a new layout and a move to a high-volume manufacturing 
facility. The QL8x12A-2 is the fastest version and costs 
$37.60 in a 68-pin PLCC; the QL8x12A-0 standard-speed ver- 
sion costs $23.20 (1000). The 2000-gate QL12x16 is also avail- 
able in a TQFP. Quicklogic, Santa Clara, CA, (408) 987-2000, 
Fax (408) 987-2012. Circle No. 512 


Ultralow-power FPGA. The Zero+ FPGA family from Xi- 
linx has a 20-yA quiescent current and 5-pA standby current 
at 3.3V. The XC2014L is available in a 1.1-mm-thick, 64-pin, 
very thin quad flatpack (VQFP) for $13. The XC3042L, in a 
100-pin TQFP, costs $25 (1000).—by Doug Conner. Xilinx 
Corp, San Jose, CA, (408) 559-7778, Fax (408) 559-7114. 
Circle No. 513 





signers. The devices are 
available in 16M x 4-bit 


64-Mbit DRAMs 
arrive 


NEC Electronics is now 
making samples of its 64- 
Mbit dynamic RAMs 
(DRAMs) available to de- 


(wPD42S864800), and 

4M x 16-bit (wPD42S64160) 
configurations with access 
times as fast as 50 nsec. The 
devices use a 3.3V supply 
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(uPD42864400), 8M x 8-bit \~ 





and offer a JEDEC-compat- 
ible low-voltage TTL 
(LVTTL) I/O interface. 
Other features include a 
self-refresh option and fast 
page-mode operation. All 
three configurations are 
available in thin small-out- 
line packages (TSOP); the 
PD42864400 and 
».PD42S64800 parts are also 
available in small-outline J- 
lead (SOJ) packages. Sam- 
ples are available, and vol- 
ume production is scheduled 
to begin in 1994. High-vol- 
ume (10,000) pricing starts 
at $600. —by Richard A 
Quinnell. NEC Electronics, 


Mountain View, CA, (415) 


965-6000, Fax (415) 965- 
6130. Circle No. 514 


PC chip set 
works with 
Pentium 
processor 


Designers wanting to turn 
the Pentium processor into 
an ISA bus PC now have a 
chip set available to simplify 
their task. The 3-chip set in- 
cludes a bus controller 
(82C596), a system control- 
ler (82C597), and an inte- 
grated peripheral controller 
(82C296). The bus controller 
serves as a buffer to steer 
data between the CPU and 
memory buses, adds parity 
generation and detection 
logic, and translates com- 
mands between the ISA bus 
and the VESA local bus. 
The system controller han- 
dles CPU-interface, secon- 
dary-cache, and DRAM con- 
trol. It also interprets and 
translates bus cycles from 
the CPU, local-bus master, 
ISA bus master, and DMA 


| to the host memory, local- 


bus slave, and ISA bus de- 
vices. You can use a system 
clock as fast as 66 MHz (1x). 
The set will work with 
SRAM to provide a secon- 
dary cache for the Pentium. 
The secondary cache has a 
direct-mapped, write-back 
architecture, and its size 


Continued on pg 18 3 





SHORTS 


Slide rules, anyone? If 
you re interested in the his- 
tory of slide rules, or in col- 
lecting and preserving 
them, there’s a society just 
for you. Members receive a 
semiannual newsletter and 
swap lists. Membership is 
$20/year in the US, $25 else- 


where. Osborne Price, 8338 


Colombard Ct, San Jose, CA 
95135.—JT. Circle No. 524 


For EE instructors only. 
Dr David Middlebrook of 
California Institute of Tech- 
nology in Pasadena, CA, of- 
fers a summer workshop for 


instructors that trains them. 


how to teach students de- 
sign-oriented analysis. (If 
you re not an instructor, 
there are seminars for you, 
too.) The Design-oriented 
Analysis workshop for in- 
structors costs $200 and 
takes place June 14 to 16 at 
the Kellogg Center for Con- 
tinuing Education in Po- 
mona, CA. If you’re a circuit 
designer, ask about the 3-. 
day seminars set for Sep- 
tember. Dr Middlebrook, © 
(818) 356-4822—JT. | . 
Circle No. 516 


Guide for PC chip sets. The 
$139 Personal Computer 
Design Guide: A Survey of 
Integrated Solutions, by 
Scott Hopkinson provides 
an approach to understand- 
ing PC design and the tech- 
nical factors that drive a de- 
sign. The guide covers 255 
chip sets from 30 manufac- 
turers.—RW. Annabooks, © 
San Diego, CA, (619) 673- 
0870. Cirde No. 517 — 


HP offers symposium. 
HP’s 1993 High-Speed Digi- 
tal Symposium addresses 
clock-distribution networks, 
timing-margin verification, 
and managing signal-integ- 
rity effects. The symposium 
is free and runs in various: 
cities from April 20 to June 
8. Phone HP for scheduling 
and registration informa- 
tion.—JL. Hewlett-Packard 
Co, Palo Alto, CA, (800) 
765-9200. Circle No. 518 
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Continued from pg 17 a 
ranges from 64 kbytes to 2 
Mbytes. The set also has a 
built-in DRAM controller 
for as many as four banks 
of 64-bit-wide page-mode 
DRAM. The DRAM density 
can range from 256 kbytes 
to 8 Mbytes in configura- 
tions as large as 128 Mbytes. 
- Sample chip sets, design 
_kits, and technical support 
are available now. The chip 
set costs $75 (1000); volume 
production is scheduled for 
mid-year. —by Richard A 
Quinnell. Opti Inc, Santa 
Clara, CA, (408) 980-8178, 
Fax (408) 980-8860. 

Circle No. 515 


Steven H Leibson 


becomes EDN’s 
Chief Editor 


Steven H Leibson has been 
promoted to Chief Editor of 
EDN Magazine. Jon Titus, 
who has held the dual title 
of Chief Editor and Edito- 
rial Director since 1989, will 
now concentrate solely on 
his Editorial Director du- 
ties. “Steve has done an out- 
standing job as executive 
editor during the last year 
and half. It’s a pleasure to 
have him take over, and 
both of us look forward to 
continuing our work to- 
gether,” said Titus. Leibson 
is now in charge of the day- 





Steven H Leibson, EDN’s new 
Chief Editor 

to-day operations of the 
magazine edition, freeing 
Titus to oversee the opera- 
tions of all of EDN’s proper- 
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ties (EDN Magazine, Prod- 
ucts and Careers, and EDN 
Asia) as well as working on 
other EDN ventures. 

—by Susan Rose 


New fuzzy-logic 
processor 
costs $2 


The anticipated movement 
of fuzzy logic into consumer 
products may soon become 
a reality. American Neu- 
ralogix Inc is developing a 
fuzzy-logic processor that 
will sell for only $2 
(100,000). Slated for deliv- 
ery in September, the NLX- 
220 processor is suited for 
products and applications 
including motor controllers, 
AGC controllers, power and 


battery management, smart 


appliances, security sys- 
tems, and industrial control. 
The chip does not need a 
host processor or peripheral 
chips. It has four analog in- 
put pins and four analog out- 
put pins; other pins provide 
power, ground, reset/ 
standby, and frequency con- 
trol for an on-chip oscillator 
circuit. The device can proc- 
ess 100 input terms and 50 


| rules. It provides six se- 


lectable membership func- 
tions in mask ROM. Pa- 


rameters for fuzzy-logic 


rules that you specify also 
go into mask ROM. Smaller 
quantities of the chip will be 
available but will include a 
mask-ROM charge. In quan- 
tities of 1000, for example, 
you'll pay $5.25 per chip plus 
a mask fee of $7000. 
—by Gary Legg. American 
Neuralogix Inc, Sanford, 
FL, (407) 322-5608. 

Circle No. 519 


Templates speed 
power-electronics 
designs 


Power Express from Anal- 
ogy is a power-electronics 
design and analysis package 
that speeds design by offer- 


__ EDN-NEWS BREAKS 


ing topology templates. The 
templates are part sche- 
matic and part system mod- 
els of popular power-elec- 
tronic topologies used in 
power supplies, motor-drive 
circuits, and power-factor- 
correction circuits. The 


models are predefined and _ 


presimulated, which lets 
you quickly evaluate multi-. 
ple configurations to deter- 


mine the best one to meet , 


your design requirements. 
Templates offered in the in- 
itial release include buck, 
boost, buck-boost, cuk, se- 
pic, zeta, forward flyback, 
push-pull, full bridge, and | 
half bridge. The package 
will be available as a $5000 
option to Saber. Bundled 
with Saber, prices start at 
$30,000. The software runs 
on Sun and HP worksta- 
tions. —by Doug Conner. 


Analogy, Beaverton,OR, 


(503) 626-9700, Fax (503) 
643-3361. Circle No. 520 


Circuit board 
emulates ASICs 


A field-programmable cir- 
cuit board from Aptix works 
in conjunction with software 
from Pie Design Systems to 
emulate ASICs with up to 
30,000 gates. The FPCB- 
AP4 has sockets to accom- 
modate up to 16 Xilinx 4010 
FPGAs and four field-pro- 
grammable interconnect de- 
vices from Aptix. A 320-pin 
prototyping area lets you 
add RAM and other hard- 
ware to expand the system’s 
capacity beyond 30,000 
gates. Although speed de- 
pends on the application, the 
company expects most ap- 
plications to run at clock 
speeds of 10 to 20 MHz. Pie 
Design Systems provides 
the Mars compiler software 
necessary to automatically 
partition and map designs 
into the board. 

A fully configured system 
costs $60,000, including soft- 
ware and a fully populated 
programmable circuit 
board. Once you’ve finalized 
a design, you can purchase 





replicate boards that have 
all configuration data stored 
in nonvolatile memory. The 
replicate boards are useful 
for hardware and software 


development after you’ve fi- 


nalized the design and be- 
fore you have working 
ASICs from your foundry. 
Replicate boards cost 
$25,000. The field-program- 


| mable circuit boards are 


available now; the Mars 
compiler software will be 
available in the third quar- 
ter of 1993. —by Doug Con- 
ner. Aptix Corp, San Jose, 
CA, (408) 428-6200, Fax 
(408) 944-0646. Circe No. 521 


| Pie Design Systems, Sunny- 


vale, CA, (408) 738-8899, Fax 
(408) 738-8853. Circle No. 522 


Placement 
drives ASIC 
logic synthesis 


To meet high-density ASIC 
needs, Cadence Design Sys- 


| tems has added placement- 


based synthesis to its Syn- 
ergy PBS (Placement-Based 
Synthesis) design tool. The 
package makes a preplace- 
ment pass on the finished 
netlist before the silicon lay- 
out/verification phase. The 
tool rearranges the netlist to — 
reduce interconnect. Addi- 
tionally, it resizes gates and 
buffers based on layout and 
inserts new gates as needed 
to reduce overall timing de- 
lays. The resulting opti- 
mized netlist is then passed 
to standard ASIC place-and- 
route tools to finalize the 
ASIC’s silicon. The com- 
pany claims that by includ- 
ing preplacement in the de- 
sign cycle, timing perform- 
ance improves 10 to 30%, 
depending on the design. 
Enhanced Synergy, with 
placement-based logic syn- 
thesis, will be available this 
quarter; it costs $55,000 and 
includes a VHDL or Verilog 
Synthesizer/Optimizer. The 
Synergy PBS option is avail- 
able for $25,000. —by Ray 
Weiss. Cadence Design Sys- 
tems Inc, San Jose, CA, 
(408) 943-1234. Circle No. 523 


HOW TO SAVE 6 MONTHS, 30 ns & 50 PARTS ON YOUR 
N EX r DRAM DE ky | GN e It’s as simple as assigning a mere 7.8 square inches of board space for the Cypress 


DRAM Accelerator. You'll save months of design time for single- or multi-processor applications — and transfer data between DRAM and cache 
at cache speeds — error-corrected. The Cypress DRAM Accelerator provides four high-level functions that combine 
to maximize system-to-DRAM interface, allow more processors to share the bus, and enhance cache-level 
transactions. Its system bus interface supports 40 MHz 32- or 64-bit buses, so it won’t slow down hot processors such 
as SPARC®, R4000, 486 or Pentium™ It’s the first DRAM subsystem to integrate both address and data path in a 
single part. And our DRAM Accelerator’s 128-bit DRAM look-up, error detection/correction, and transaction control 

- (YM7232 features enable it to do the work of up to 35-50 22V10 PLDs...plus EDC chips and FIFOs. It also saves money by 
allowing use of cheaper, 80 ns DRAMs. At Cypress, great things come in small 
packages. For further proof, call the Cypress DRAM Accelerator hotline 
for an informative, fee datapack. Europe: (32) 2-652-0270, ext. 119% Ask for Dept. C4Z. 


Or contact us via Europe fax and Asia telephone numbers listed below. 

*The international operator can give you your country's specific access code. Europe: Fax (32) 2-652-1504. Telephone Hong Kong: 

(852) 3-880-629. India: (812) 566-630 x-3808. Japan: (81) 423-69-82-11. Korea: (82) 2-516-1144. Singapore: (65) 28-00-200. Taiwan: (886) 2-820-53-53. © 1993 Cypress 
Semiconductor, 3901 North First Street, San Jose CA 95134. Phone 1 (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. SPARC is a registered trademark of 
SPARC International, Inc. Products bearing the SPARC trademark are based on an architecture developed by Sun Microsystems, Inc. Pentium is a trademark of Intel Corp. All other 
trademarks and registered trademarks are the property of their respective companies. 











POWER 
SPLITTERS! 
COMBINERS 


the worlds largest selection 
2KHz to IOGHZ from $2% 


With over 300 standard models, from 2-way to 48-way, 0° 90° and 180° 

90- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we'll also supply “special” needs, such as wider band- 
width, higher isolation, lower insertion loss and phase matched ports. 

Available for use in military and commercial requirements, models 
include plug-in, flat-pack, surface-mount, connectorized standard 
and custom designs. New ultra-miniature surface mount units 
provide excellent solutions in cellular communications, GPS 
receivers, Satcom receivers, wireless communications, and 
cable systems. 

All units come with a one-year guarantee and unprecedented 
“skinny” sigma unit-to-unit and production run-to-production run 
repeatability. All catalog models guaranteed to ship in one week. 
Mini-Circuits...dedicated to exceed our customers’ expectations. 















finding new ways ... 
setting higher standards 
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: P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
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For detailed specs on all Mini-Circuits products refer to 
e THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY 
e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. 
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Today’s desktop machine 
market is screaming for 
more bandwidth — a full 
100Mbps. And National is 
providing market-ready 
solutions for both fiber 
and copper con- 
nectivity today. 
Our extensive 
networking ex- 
perience, proven product 
portfolio and active in- 
volvement with the ANSI 
FDDI standards commit- 
tee will help drive your 
FDDI application all the 
way to the desktop. Our 
highly integrated 2-chip 
solution reduces time to 
market and lowers ‘a 
adoption costs. It leggy 
is comprised of the 
MACSI™ (media access 
controller and systems 
interface) and PLAYER+" 
(physical layer device). 
Together they incorporate 
receive and transmit buf- 
fering and integrated clock 
recovery. And for copper 
connectivity, our CDL" 
(copper data link) solu- 
tion is the first integrated 








22 = EDN April 29, 1993 




























































©1993 National Semiconductor Corporation. MACSI, PLAYER* and CDL are trademarks of National Semiconductor Corporation. 

















transceiver for FDDI 
across shielded twisted 
pair that conforms to 
SDDI specifications. 


SOLID CUSTOMER 
SUPPORT. 


Our FDDI support is 
designed to minimize 
your risks and total 
development costs, 
ensuring rapid market 
entry with truly unique 
designs. In addition to 
providing a full range 
of software including 
SMT and drivers, we 
offer the finest applica- 
tion support worldwide: 
a design hotline staffed 
by experienced applica- 
tions engineers, detailed 
technical documentation, 
a complete line of evalu- 
ation boards, and both 
router and concentrator 
design examples. Every- 
thing you need for 
FDDI is here now. For 


more information call 
1-800-NAT-SEMI, Ext. 229. 


NATIONAL KNOWS 
NETWORKING. 









National 


Semiconductor 
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~ Synerey. 
_ Out Front: 






The New Dual '040 VME SBC: 
Faster, More Efficient and Lower Cost 
Than Any Multi-board Solution 





Get on-board multiprocessing and an astounding high-performance, intelligent plug-on I/O modules — 
40 MIPS throughput, when you power your system such as our latest Super-VSB module offering 
with Synergy's new SV420 single-slot SBC. The 40+ MB/sec over the VSB bus. -erermererey 
SV420's dual-CPU design means you'll need fewer Or choose another module, from i 
boards in your VME chassis, with no VMEbus a T1/E1 controller to a super-fast 
bandwidth bottlenecks between the '040s, and system- graphics engine, that plugs onto 
wide cost saving of more than 40%. any Synergy SBC. 
And even if you don't need multiprocessing right Better yet, just tell us what you 
now, the SV420 still puts you out front. Use the need. We're the company you can io 
second '040 as a super-smart DMA controller. When talk to about your VME system 
combined with the SV420's design problems. You'll find that we listen and 
66 MByte/sec VME64® deliver (every Synergy I/O module on our list 
circuitry, nothing started as a customer request). We mean 
communicates faster over business when we say customer support is our 
the VMEbus. most important mission. 
Add even more on- So if you want to be out front in system 
board power by selecting performance, just be up front with Synergy. 
from Synergy's big list of Call us today. 





Over a dozen smart, powerful I/O 


modules fit Synergy's '020, '030, oe : 7 y microsystems 


'040 and Dual '040 SBC's. 


Synergy Microsystems, Inc. 
179 Calle Magdalena, Encinitas, CA 92024 
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Reader needs EPROM, 
— contents, or 


firmware program 


My company is searching for the firm- 
ware program listing, EPROM con- 
tents, or actual 2708 EPROMs for the 


National Semiconductor BLC 8229/ . 


8228 CRT/keyboard controller. These 
devices were also part of the com- 
pany’s Starplex development system. 
National no longer supports the Star- 
plex system, nor could it recommend 
a company that does. Is there anyone 
out there from whom we can beg, bor- 
row, or buy any of these devices? 

L Mente 

Software Engineer 

Amparts Electric 

South Holland, IL 


Let’s find out. 


Lero-crossing detector 
may not be the problem 





I am in dire need for quick informa- 
tion on using a zero-crossing or peak 
detector with the minimum amount 
of parts to interface with a Z-World 
Z180 microcontroller in an embedded 
system. “The Computer Applications 
Journal” (February 1993) suggested 
the ac power line as an excellent time 
base. You derive that time base using 
an optoisolator and a 741S14 as a zero- 
crossing detector. We’re swamped 
with putting our resources into coding 
and don’t have a lot of time for this 
circuit. We tried sampling the 10-bit 
ADC more frequently than we did in 
an earlier project, but this tack took 
about 25% of our processor time to 
get the accuracy (100ths of the power- 
line frequency) we need. We catch the 
volts and amps at the crossing and 
use the timestamps to calculate power 
factor and frequency. I am under the 
gun and responsible for both the hard- 
ware microcontroller interface to our 
machine as well as the bulk of the 
coding. Could you drop me a hint or 
two and help pull off an eleventh-hour 
miracle? 

Mike Raffesberger 

Intelligen 

San Marcos, CA 


The Cahners CAPS (Computer-Aided 
Product Selection) System from 
Cahners Technical Information Services 
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(Newton, MA) coughed up only one 
“zero-crossing” chip: Siemens’s IL426. 
That chip is a 600V 2A power triac— 
probably not what you want. You can 
call Siemens Components (Santa Clara, 
CA) at (408) 980-4518, or fax them your 
request at (408) 980-0319. 

A sean of the Design Idea files 
yielded the following DIs that feature 
zero-crossing detectors, as well as the 
EDN issues they appeared in: '“Power 
controller switches cycles” (3/15/90, pg 
179), “VF'C rejects common-mode noise” 
(1/21/91, pg 166), “Current loop controls 
SCRs” (2/4/91, pg 106), “Phase shifter 
adapts to frequency changes” (6/6/91, pg 
184), and “Single-chip »P suppresses 
unwanted tone” (12/5/91, pg 196). For 
other zero-crossing circuits, see the JC 
Op-Amp Cookbook, by Walter Jung 
(Howard W Sams & Co, Indianapolis, 
IN) and The Art of Electronics, by Paul 
Horowitz and Winfield Hill (Cambridge 
University Press, New York, NY). 

Frankly, we don’t understand how 
you could be chewing up 25% of your 
wC’s time measuring something that 
happens 120 times/sec. How about let- 
ting a counter run free at whatever rate 
will give you the resolution you need? 
You could use the output from the zero- 
crossing detector as an interrupt to 
store the current counter value into a 
register or memory location. Some sim- 
ple math that accounts for counter over- 
flow should yield the difference be- 
tween two successive readings. In other 
words, perhaps your computational al- 
gorithm is your real problem, not a 
zero-crossing detector circuit. If you’re 
out of internal counters, try using an 
external one. 


Data-analysis software is 
a bargain compared with 
stand-alone instrument 


I’ve been searching for data-analysis- 
type software that would write all 
data both passed by modem and run- 
ning in a program to the screen, so I 
could watch data flowing in both di- 
rections via a split window. I have 
heard of such programs but don’t re- 
member a program or author name. 
Can you help? 

Howard Lukenbill 

HSL Inc 

Pueblo, CO 


Try the program Microtap (formerly 
Datascope). It costs $299, including the 
special cabling you’ll need. Serial-data 
analyzers start at $10,000 as stand- 





alone instruments, so the software is 
quite inexpensive. 


Paladin Software Inc 
3945 Kenosha Ave 
San Diego, CA 92117 
(619) 490-0368 

Fax (619) 490-0177 


Spice source code 
not available in Fortran 


I need a point of contact for Berkeley 
Spice Fortran source code. Our gov- 
ernment customer wants to upgrade 
a mainframe-based Spice front end to 
a microprocessor-based tool. I under- 
stand that Spice is available to the 
government in source form for a 
nominal price, but I need a phone 
number to call. 

Bill Hensley 

TRW 

Midwest City, OK 


Bad news, Bill. The folks at Berkeley 
gave up on Fortran and recoded Spice 
in C. Hope you have a C compiler. 
Berkeley sells Spice to anybody—not 
just institutions—for a media fee. 
Contact 


Industrial Liaison Program 

Software Distribution Office 
Department of Electrical Engineering 
and Computer Science 

Electronics Research Lab 

205 Cory Hall 

University of California, Berkeley 
Berkeley, CA 94726 

(510) 643-6687. 


Also, it wouldn’t hurt to get yourself 
a postprocessor to turn number-stuffed 
Spice files into graphs and to do things 
like Fourier transforms. Look on the 
EDN BBS’s /SPICE Special Interest 
Group for the TRSpice postings. 





Ask EDN solves nagging design problems 
and provides the answers to difficult 
questions. Address your letters to Ask 
EDN, 275 Washington St, Newton, MA 
02158. Fax (617) 558-4470; MCI: 
EDNPRIME. Or, send us a letter on 
EDN’s bulletin-board system at (617) 
098-4241, 300/1200/2400 8,N,1. From 
the Main System Menu, enter ss/ 
ask_edn and select W to write us a letter. 
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dc to 3GHZz ... SIF 


lowpass, highpass, bandpass 


eless than 1dB insertion loss ¢ greater than 40dB stopband rejection ®surface-mount ®BNC, Type N, SMA available 
e5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models ® constant phase 
emeets MIL-STD-202 tests @over 100 off-the-shelf models * immediate delivery 


low pass, Plug-in, de to 1200MHz 

















Passband Stopband, MHz Passband Stopband, MHz 
Model MHz loss loss Model MHz loss loss 
No. loss < 1dB > 20dB > 40dB loss < 1dB > 20dB > 40dB 
*LP-5 8-10 10-200 * LP-250 320-400 400-1200 
*LP-10.7 19-24 24-200 * LP-300 410-550 550-1200 
*LP-21.4 32-41 41-200 * LP-450 580-750 750-1800 
*LP-30 47-61 61-200 * LP-550 750-920 920-2000 
*LP-50 70-90 90-200 * LP-600 840-1120 1120-2000 
LOW PASS *LP-70 90-117 117-300 * LP-750 1000-1300 1300-2000 

* P-90 121-137 167-400 * LP-800 1080-1400 1400-2000 
*LP-100 146-189 189-400 * LP-850 1100-1400 1400-2000 

© *LP-150 210-300 300-600 * LP-1000 1340-1750 1750-2000 

oO * LP-200 290-390 390-800 *LP-1200 DC- 1000 1620-2100 2100-2500 

5 Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95, Type N $35.95 

.°] 

2 Surface-mount, dc to 570MHz 

ro) SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800 

os SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 

SCLF-135 DC-135 210-300 300-600 








frequency Price, (1-9 qty), all models: $11.45 


Flat Time Delay, dc to 1870MHz 
























Passband Stopband VSWR Group Delay Variations, ns 
MHz MHz Freq. Range, DC thru Freq. Range, DC thru 
loss loss 0.2fco 0.6fco fco 2fco 2.67fco 




































loss < 1.2dB > 10dB X X xX X X 
INSERTION. LOSS * BLP-39 78-117 117 Fe Zot 0.7 40 5.0 
* BLP-117 234-312 312 ti: 2.4:1 0.35 1.4 1.9 
* BLP-156 312-416 416 0.3:1 1.451 0.3 1.1 hD. 
. ee 8 %*BLP-200 400-534 534 1.6:1 1.9:1 0.4 3 1.6 
: oe * — *BLP-300 600-801 801 4.26:1 ent 0.2 0.6 0.8 
* %*BLP-467 934-1246 1246 12a) 2.2:1 0.15 0.4 0.55 
z ¢  ABLP-933 1866-2490 2490 1 2.2:1 0.09 0.2 0.28 
& ¢ BLP-1870 3740-6000 5000 1.45:1 2.9:1 0.05 0.1 0.15 
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
Be high pass, Plug-in, 27.5 to 2200MHz 
Stopband VSWR Stopband Passband, VSWR 
MHz Pass- MHz MHz Pass- 
loss loss Model loss loss loss band 
HIGH PASS < 40dB < 20dB Typ. No. < 40dB < 20dB < 1dB Typ. 
* HP-25 1.8:1 * HP-400 210-290 395-1600 gue 
* HP-50 1.5:1 * HP-500 280-365 500-1600 1.8:1 
o * HP-100 1.8:1 * HP-600 350-440 600-1600 2.0:1 
oO * HP-150 1.8:1 * HP-700 400-520 700-1800 1.6:1 
g *HP-175 15:1 * HP-800 445-570 780-2000 oe 
= * HP-200 1.6:1 * HP-900 520-660 910-2100 1.8:1 
3 * HP-250 1.3:1 * HP-1000 550-720 1000-2200 1.9:1 
® *HP-300 | DC-145 1.7:1 
3S Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 
eek. bandpass, Elliptic Response, Constant Impedance, 
10.7 to 7OMHz 21.4 to 7OMHz 
3 dB Stopbands Stopband | VSWR 
Bandwidth ia po loss 13:1 
BANDPASS Typ. 
ELIPTIC RESPONSE , 
a fe 1. 
= CONSTANT 2. 
. IMPEDENCE 3. 
E 70 58-82 4 
S Price, (1-9 qty), all models: plug-in $18.95, Price. (1-9 qty), all models: plug-in $14.95, 
‘ BNC $40.95, SMA $42.95, Type N $43.95 BNC $36.95, SMA $38.95, Type N $39.95 





NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, 


or SMA connector requirement. 
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050 centerline stackers. 
Close closer closest 
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THIS IS AMP TODA 


AMP and AMPMODU are trademarks of AMP Incorporated 





AMPMODU 50/50 Grid Connectors 


give you a choice of parallel pcb stack 
heights: .390”, 320”, and a very close 
.200” (the tightest in the industry). So 
you can squeeze everything possible 
out of (or into) your design. 

This surface-mount system utilizes 
a .050” contact grid in double row, 
polarized shrouded headers and 


receptacles, and offers our exclusive 
plated copper alloy holddowns . On 
standard .062” thick boards, the 
barbed holddowns do their job without 


protruding through, allowing surface 


mounting on both sides. And holddowns 
are soldered during reflow, providing 
long-term strain relief. 

Dual-beam receptacle contacts 
and duplex gold plating provide high 
reliability, in selected sizes from 10 to 


- 100 positions. Dimensional tolerances, 


reference datums, holddown charac- 
teristics, and packaging support 
robotic application; materials are fully 
compatible with IR and vapor phase 
reflow processing. 
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Call the AMP Information Center near you: 


Scandinavia: 
Sweden 0758-104 00 (fax 0758-194 70) 
Central Kurope: 
Holland 073-200 911 (fax 073-212 365) 
Germany 06103-709 659 
(fax 06103-709 619) 
Great Britain: 081-954 2356 
(fax 081- 954 6234) 
Southern Europe: 
France 1-34 43 27 20 (fax 1-3080 4550) 
Italy 011-71781 (fax 011-773 1116) 
Spain 03-200 84 66 (fax 03-201 78 79). 
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Pride... 

craftsmanship... 

a continuing dedtwation 
to excellence... 

value Oriven dervice... 
products designed for the 
customer) need, not the 
supplter d CONVENIENCE... 





leadership... 

a long ferm commutment... 
a vision in every aspect 

of our field... 





All of this combined has made 
MRM — | Dy @) CGAY Grerweye (cloraneletien sa nerelbverrs 


the industry's benchmark for silicon 


_ SPDSIIIRORERIELE NIETO as 


technology. Our quest is to 
constantly challenge ourselves... 

our industry. For over three decades, 
NCR has balanced these traditional 


values with the latest technology. 





To see the results — take a look at the 
products that are setting industry 


Setalerinete 


Call today fora 
tree copy of our 
EeNecrcyarer-te-t (oyu 


1-800-334-5454 





CIRCLE NO. 47 











Jesse H. Neal 

Editorial Achievement Awards 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 1981 


EDN-EDITORIAL 








Now that the US has a Democratic ad- 
ministration, we again face the debate about 
whether we need a national industrial policy. 
It’s interesting that many of our high-tech 
corporate executives are lining up to tout 
the virtues of industrial policy. Many of 
these same people would be peddling potato 


chips if the US had put an industrial policy | 


in place years ago. Past industrial policies 
might have included statements such as, 
“The future is in mainframes, no one will 
want their own small computers.” Or how 
about, “Microprocessors are toys, the future 
belongs to minicomputers.” Of course, these 
policies never existed, but they might have. 
Luckily, the bureaucrats were kept out of 
policy making for the electronics industry. 
As the US again debates the need for an 
industrial policy, here are a few things to 
consider: : 

In the 1960s, many European countries 
and companies, alarmed at the growing mili- 
tary-industrial complex in the US, demanded 
industrial policies and joint industrial- 
government ventures. What they got were 
large bureaucratic money pits that continue 
to lose technology, market share, and market 
battles. A European consortium continues 
to spend billions of dollars on an obsolete 
HDTV proposal. 

Japan’s Ministry of International Trade 
and Industry (MITI) continues to scare US 
electronics industries. For example, MITI 
sponsored millions of dollars of research into 


the fifth-generation computer, and a cry. 


went out in the US that we must have a 
similar project, too. But today that approach 
is uncompetitive, and even US supercom- 
puter companies are having a difficult time. 
That’s what competition is supposed to be 
all about. Now, name a MITI success. You 
can’t; there aren’t any that count. 

The US already has many government 
policies. For example, we have a farm policy 
that subsidizes unprofitable, uncompetitive 
farms. We hear cries that we must preserve 
the small family farms. Why? Did we pre- 
serve the small neighborhood bakeries and 
candlemakers? No, and with good reason— 
they couldn’t compete. 


No policy is good policy 


The US pays people to not produce food. 
When they produce too much, the US 
government buys it and stores it, thus keep- 
ing food costs artificially high. The stored 
food usually doesn’t go to people who could 
use it. Instead, it spoils. We subsidize our 
dairy industry with over $400 million per 
year, and dairy farmers must kill cattle to 
keep dairy production down. In addition, our 
farm policy keeps prices for oranges, pea- 
nuts, and sugar above what they should be. 
We subsidize industries to the detriment of 
consumers. 

We have a military policy, too. It means 
that the US Congress often forces our De- 
partment of Defense to buy weapons it 
doesn’t want or need. The policy also means 
that we maintain military bases that no 
longer have a purpose. 

We have a land-use policy that lets compa- 
nies “lease” 500 million acres of government 
land for mining, timbering, or grazing. Leas- 
ing rates are far below those for privately 
owned land. In addition, our wetlands policy 
jails a landowner who fills in a small damp 
area on his property, yet it lets municipali- 
ties and farmers make profligate use of pre- 
cious and irreplaceable water resources else- 
where. 

The US had an alternative-energy policy 
that spent billions for research into clean fu- 
els, solar energy, energy conservation, wind 
power, and synthetic fuels. While the goals 
were admirable, the program was a boondog- 
gle that tried to predict future energy needs 
and trends. Today we simply import more 
oil than ever, and conservation is voluntarily 
undertaken by those who want to pay less 
for energy. The hidden hand of the market 
governs what energy we buy and what we 
conserve. 

And, the US has a space and science policy 
that continues to sink billions of dollars into 
a space station that has no clear mission and 
a super-conducting collider that stands to 
benefit a handful of academic physicists out 
for Nobel prizes. 

I agree, my examples are short and sim- 
plistic. But, what was it you wanted to tell 
me about needing an industrial policy? 


Jon Titus 
Editor 


Send me your comments via FAX at (617) 558-4470, or on the EDN Bulletin Board - 


System at (617) 558-4241 300/1200/2400 8, N, 1. 
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MASS STORAGE. 
We're putting the storage 
world into a compactor, with 
controllers that make 2.5”, 
1.8” and even 1.3” hard drives 
possible. For proof, check 
out our extended family of AT, 
SCSI and PCMCIA controllers. 
They have advanced error cor- 
rection, power management 
capabilities, and full firmware 
support for speedy design-in. 
Our “little” advances will similarly fit 
the form factor of notebooks, pen-based, and even 
palmtop computers. 






VGA GRAPHICS 


CONTROLLERS. 
As the industry’s leading 
supplier of VGA control- 
lers for color and 
monochrome notebook 
computers, we've set 
the standard for LCD 
display quality. For desktop PCs, set your sights 
on integrated, 24-bit true color capability...without putting 
your price-point in the red. We've also included the 
RAMDAC and frequency synthesizer on all our VGA chips 
to save additional space and money. Our highly integrated 
controllers feature industry-standard Super VGA, direct 
CPU-local bus connection, graphical user interface (GUT) 
acceleration, and full BIOS and driver support. 


ag 





So you've got the hottest processor around for your new PC or notebook design...so what? So does your 
competition. What will set your design apart from all its rivals are the other computers inside: Cirrus Logic 
FeatureChips” controllers. FeatureChips controllers bring leading-edge capabilities and performance to 
critical areas like storage, graphics, communications, multimedia and more. They give your CPU the sup- 
port it needs for maximum system performance with minimum size and power. Get the most out of your 
CPU investment; surround it with the best controllers you can buy...Cirrus Logic FeatureChips controllers. 


*In Japan (81) 3-5389-5300. Singapore (65) 3532122. Taiwan (886) 2-718-4533. Germany (49) 8152-2030. United Kingdom (44) 0727-872424, ©1992 Cirrus Logic, Inc. 3100 West Warren Avenue, Fremont, CA 94538 


(510) 623-8300. Cirrus Logic, the Cirrus Logic logo and FeatureChips are trademarks of Cirrus Logic, Inc. Crystal Semiconductor and SmartAnalog are trademarks of Crystal Semiconductor Corp. “The computer 
inside” may be claimed to be a trademark of Intel Corporation. Futuristic car scene: Alias Research, Inc. 











COMMUNICATION PRODUCTS. 
For innovation, call on our broad line of datacom 
and telecom products. ..all of them complete with 
full software support to ease your design-in effort. 
For example, our recently announced highly 
integrated fax/data modem chip set brings 
high-quality voice answering machine 
capabilities to your PCs. For data 
networking, we feature serial 
1/0 and LAN controllers. And our 
SmartAnalog™ interface circuits 
from Crystal Semiconductor help 
your designs tap into the vast tele- 
communications world at a price/performance 
point that’s just right. 












Cae 


MULTIMEDIA VIDEO & Aupio ICs. = 
Inspire encore performances on your PC with real- PCMCIA ICs. 


time video and CD-quality stereo sound. Multimedia Prepare for the upcoming boom in credit card-sized 
and teleconferencing capabilities position any PC for PCMCIA add-in cards. Our single-slot and dual-slot 
lasting marketability. With capabilities like video PCMCIA 2.0 host adapters are the fastest, smallest, 
editing and multiple video windows, our video chips most power-frugal and feature-filled adapters you 
are ideal for everything from multimedia to video- can buy. Complementing these host adapters, today 
conferencing. For pro-quality 16-bit stereo audio, we also offer PCMCIA disk interface controllers. 
our Crystal Semiconductor™ subsidiary has the Tomorrow, we'll bring PCMCIA capabilities to an 
chips you need to make sound come alive. even broader set of peripheral functions. 


Get the complete ‘inside’ story: your FREE Cirrus Logic brochure. Learn how our broad FeatureChips 
product line can make your investment in leading CPUs pay off in unparalleled performance and func- 
tionality. Seize the competitive advantage. All starting with a single, toll free phone call. 






i 


Free FeatureChips Literature Hotline: 
]- 800-858-0487" Ask for dept. L22 








SS CIRRUS LOGIC 


FEATURECHIPS.” 
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Your brighter future begins with 
MOTIVE (MOdular Timing VErifier). 
This is our high performance analysis 


by extracting parameters in minutes 
and simulating PCB interconnect net- 
works in seconds. PDQ (Pre-route Delay 


Quad Design software can be used independently or together on a broad spectrum of industry-standard engineering workstations, 
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Contact Quad Design 


988-8250 for our free brochure, an 


watch your digital design future take 
shape. 1385 Del Norte Road, Camarillo, 
CA 93010... FAX (805) 988-8259. 


















































igen key 
for over 
80 years 


Every month Electronics 

orld focuses on the 
world of electronics 
design and PC-based - 
engineering tools. The 
magazine has a depth of 
coverage that gives the 
reader the clearest view o 
new products and an 
absolute understanding o 
the latest technology in 
design, applications and 
software. 











Electronics World is 
published by Reed 
Business Publishing, par 
of the same company tha 
publishes EDN, so we are 
able to offer you an 
exclusive discount ona 
subscription of as much as 
Uimeyimdelasaarrlanatae 


And don’t forget the 
satisfaction guarantee — 
if you decide at any time 
you don’t like Electronics 
orld write and tell us 
and we will refund the 
unused portion of you’re 
ubscription ! 








Telephone numbev....... — 


SOS See eee SEH OES H OSE SS SES SSE ROSES ESEHSSEHOS SEH ETRESHORE 


At a cost of: SURFACE MAIL AIR MAIL 
| YEAR yey lam OR 


2 YEARS : £68 40% OFF 


ge | enclose a Ba | a ee OR 
Please debit my credit card for 2 eas | 
| |__| AMEX _| ACCESS VISA _| DINERS CLUB 


Account number BRE eee eee Expires. 









Signature . ——r—e—— Date .. LC 


Please return to: Electronics World + Wireless World : 
Subscriptions, Reed Business Publishing, Stuart House, Perrymount Road, Haywards Heath, Sussex RH16 3DH, England 
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for Man-Machine Interface Without Equal 


The Planar Products Division of IEE provides Our commitment to quality extends beyond merely 
military and ruggedized keyboard and display meeting MIL-Q-9858 to include a Total Quality 
technology encompassing a complete line of stan- Management Program that ensures the highest 

dard and custom engineered man-machine interface quality focus throughout all aspects of our 
products. company. 

As a qualified supplier of military hardware, IEE For over 45 years, IEE has been an industry leader 
designs and manufactures to meet such diverse re- in keyboard and display technology and we are 
quirements as MIL-E-5400, MIL-E-16400, MIL-T-28800, more committed than ever to provide man-machine 
MIL-STD-454 electronics, MIL-STD-2000 soldering interface without equal. 


and MIL-STD-810 environmentals. 


Pon aes st Ber sag PMe..02 008. 0.0018 Eig Ae Re n..S: [ilies 
7740 Lemona Avenue Van Nuys California 91409 Tel 818:787:0311 Fax 818:781-9795 


Circle #36 For Reference Circle #37 For Immediate 
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Low-power [LPs 
simplify design 
of portable computers 





Portable comput- 
ers are changing 
the way people 
do business. At 
the heart of these 
compact mobile 
units are Ps 
with sophisti- 
cated power-man- 
agement features 
that conserve bat- 
tery life. 


JOHN GALLANT, Technical Editor 


Designers of first-generation portable 
computers quickly recognized the need 
for conserving as much energy as possi- 
ble from batteries. Because normal op- 
erating conditions create battery dis- 
charge times of less than 1 hour, port- 
able-computer designers were forced to 
implement innovative power-savings 
schemes. In response, microprocessor 
(wP) vendors have developed a host of 
uPs for low-power applications using so- 
phisticated power-management tech- 
niques. These techniques extend bat- 
tery life between charges to four 
hours—or more. 

One of the first pPs for low-power 
applications is the i886 SL, which Intel 


introduced in 1990 (5V, 25-MHz version, 
$66 (1000)). The uP features a 16-, 20-, 
or 25-MHz i886 core and a power- 
savings method, called system manage- 
ment mode (SMM), which is transparent 
to normal operating conditions. To im- 
plement SMM, the i886 SL adds two 
new pins to the i886 CPU. A non- 
maskable hardware interrupt, called 


system management interrupt (SMD), 


and a CPU acknowledge signal, called 
SUS-STAT. SMI has a higher priority 
than the standard nonmaskable inter- 
rupt (NMI) for the 1386 wP. 

Quick on Intel’s heels, AMD intro- 
duced the 25- and 33-MHz Am386SXLV 
wP (25-MHz version, $37 (1000)). This 
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The Chips and Technologies F8680 PC/Chip runs 8086 opcode, but delivers 80286 performance 
figures. A SuperState R mode lets you implement transparent power-saving states. 
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Our new IDT7 3256SL 3.3V 32K x 8 SRAM lowers power con- 
 . sumption by 57% and operates at speeds as fast as 20ns for zero- 
___Wait-state operation in 40MHz applications. 
Packaged in a small-footprint 28-pin SOJ, the IDT713256SL 
meets the new JEDEC LVTTL 3.3V standard, providing the only fast 















Notebook PC : 
Cache Solutions 









true 3.3V solution for low-power notebook cache and portable — booklet, ‘2 free 
instrument data buffering. samples of IDI 
3.3V 256K 
| SRAM, and an 





The IDT713256SL is optimized for noise immunity, low power, — 
and high speed to extend battery life in notebook computers and — 
other portable equipment. And it features a 2V data retention 
mode and a low 500uA (max.) full standby current—up to a 20x 
improvement over recharacterized fast 5V SRAMs. 


tart Designing Today 
Best of all, IDTS new 3.3V SRAM is available now at very com- 


petitive prices! So you dont have to wait to make your 3.3V design 
a reality. 





ayes y form for a 
drawing to win one of three 3.3V 
notebook computers. 





(800) 345-7015 © FAX: 408-492-8674. 
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LOW-POWER Ps 


wP is a clone of Intel’s i386SX core 
and has a variation of SMM. In 
1992, Cyrix introduced the Cx486- 
SLC and Cx486DLC pPs. Both 
wPs run Intel’s i486SX instruc- 
tion set and feature another vari- 
ation of SMM. At the end of 1992, 
Cyrix announced a 33-MHz en- 
hanced version of the Cx486SL, 
called the Cx486SLC/e (25-MHz 
version, $99 (1000)). Intel also intro- 
duced a new low-power uP, the i486 
SL (low-voltage, 25-MHz version, 
$227 (1000)) in the fourth quarter 
of 1992. 

Because the Cx486SLC/e and 
1486 SL are recent introductions 
and carry the powerful 486 nomen- 
clature, you can draw some log- 
ical comparisons. First, neither 
processor is simply a low-power 
version of the i486DX wpP. Intel 
integrated a dynamic RAM 


i486 DX CPU 
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(DRAM) controller, a 16-bit ISA 
bus controller, and a 16-bit parallel 
interface (PI) bus controller on the 
1486 SL. The i486 SL runs object 
code for all 80x86 pPs and comes 
in a 196-pin plastic quad flatpack 
(PQFP), 208-pin shrink QFP 
(SQFP), or 227-pin LGA. 

The 25- or 33-MHz 1486 SL has a 
fully static 32-bit 1486DX core and 
an 1386 SL-compatible SMM. The 
core has an enhanced version of the 
i387 coprocessor and a 4-way, set- 
associative, 8-kbyte cache. Static 
registers let you stop the clock to 
conserve power without losing 
data. Static designs, which require 
a minimum clock rate to maintain 
data, are new to Intel, who previ- 
ously used dynamic registers in 
80x86 designs. 

In contrast, the 20-, 25-, or 33- 
MHz Cx486SLC/e comes in a 100- 



















. CONTROL UNIT 
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pin PQFP that has the same foot- 
print as an 1386SX pP, which is 
used in first-generation designs, 
but executes the i486SX instruction 
set. Internally, the chip is consider- 
ably different compared with the 
1486 SL. It has a 1-kbyte direct- 
mapped, or 2-way set-associative 
instruction and data cache. Instead 
of an FPU, the chip has a 16-bit 
hardware multiplier to accelerate 
graphics or handwriting-recogni- 
tion algorithms. 

The Cx486SLC/e execution unit 
consists of a 5-stage pipeline, which 
overlaps code fetches, instruction 
decoding, microcode ROM accesses, 
execution, and writes back to mem- 
ory or register. The RISC-like ar- 
chitecture permits most instruc- 
tions to run in a single cycle. Al- 
though the Cyrix SMM is func- 
tionally equivalent to the Intel 


ONBOARD MEMORY 
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The Intel i486 SL jxP features a static 3.3V i486DX core and an i386 SL-compatible SMM. A DRAM controller and an ISA and PI bus 


controller are also on chip. 
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VARIABLE FREQUENCY SUPPLIES 





5% LOAD 





FULL LOAD 


OUTPUT RIPPLE VS. LOAD 


Most commercial 





ANY LOAD 


very high density 
power supplies 
are nolsy. 


With Abbott’s new CP200 very 
high density (VHD) Dc-Dc con- 
verter, you won't need to design 
a filter the size of a shoebox to 
smooth output and input ripple. 


Unlike variable frequency VHD 
units which change frequency 
every time the output current 
varies, the CP200 employs a 
fixed frequency topology, operat- 
_ ing at a constant 400kHZz switch- 
ing rate. No matter what the load. 


Offering power densities better 
than 50 Watts per cubic inch, 
Abbott CP200 converters provide 
rated outputs from 200 to 280 
Watts at 5 to 28 Volts, including 


5.2 VDC for ECL logic. They are 


board mountable using an indus- 
try standard footprint and height, 


with features that make design- 


_ Ing advanced distributed and 


VMEbus power systems a 
breeze. 


And CP200 converters provide 


reliability second to none in com- 


mercial applications from -20° to 
+85°C. With full input and output 
overvoltage protection, output 
current limiting, short circuit and 
thermal protection — for a sur- 
prisingly low price. 


So when you're looking to mini- 
mize noise problems in your 


FIXED FREQUENCY SUPPLIES 





We said most. 


VHD power system design, or 
eliminate them in a system that 
you already have in production, 
call Abbott for the new CP200. 


The only noise you will have 
to deal with is the roar of your 
customers 
cheering. 






Actual size: 
2.4" x 4.6" x 0.5' 


When reliability is imperative® 


Abbott Electronics, Inc., 2727 La Cienega Blvd., Los Angeles, CA 90034-2643. Telephone 310/202-8820. Fax 310/836-1027. 
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SMM, the differences provide some 
power-saving alternatives. 

Implementing Intel’s SMM also 
requires its companion, the 
82360SL peripheral I/O chip. The 
chip has a host of on-chip periph- 
erals that are common to an ISA 
bus computer design, such as 
DMA, communication, interrupt 
controllers, and timer counters. The 
chip generates the SMI to the CPU 
in response to external system 
events. 

Similar to the i486-based archi- 
tecture, both i486 SL _ and 
Cx486SLC/e pPs have the same 
general-purpose, segment, instruc- 
tion, and flag-pointer registers. The 
chips also have registers that let 
you access additional features. In 
the i486 SL pP you access these 
registers by enabling one of six dif- 
ferent configuration spaces. Each 
configuration space is protected 
from accidental or unauthorized 
writes because each access can only 
occur when the configuration space 
is enabled. 

You can enable a configuration 
space by writing a bit toa CPUPWR- 
MODE register, which in turn 
makes a host of configuration regis- 


ters visible for the selected space. 
Because the configuration registers 
for Intel’s SMM reside in the 
82360SL chip, you must use this 
chip to implement SMM. Once the 
82360SL configuration space is en- 
abled, you write bits to the SM- 
REQ-CNTRL register using an in- 
dex to initialize SMM or 00H to dis- 
able SMM features. Clock control 
registers let you control the speed 
or stop the clock to the CPU, DMA 
controller, keyboard controller, and 
math coprocessor depending on the 
power-management state. 

SMM provides three power- 
management states: local stand- 
by, global standby, and suspend. 
Suspend is the lowest power state, 
which basically only powers the 
memory. A software HALT in- 
struction, or the occurrence of an 
SMI triggered by a system event, 
enables SMM. When SMM is en- 
abled, the CPU maps a special 
memory, called system-manage- 
ment RAM (SM-RAM), into the 
main memory space between 
30000H and 3FFFFH. SM-RAM 
overlays the existing main mem- 
ory in this region. The CPU saves 
the current CPU state in SM- 
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RAM starting at 3FFFFH and 
stops at 8FFA7H after 22 32-bit 
transfers. 

The CPU then executes a user- 
written SMM handler code located 
at system address 38000H to imple- 
ment power management. A re- 
sume (RSM) instruction placed at 
the end of the SMM handler returns 
the saved CPU state back to the 
interrupted application program. If 
there’s an I/O instruction to a pow- 
ered-down device, an I/O trap can 
initiate an SMI and cause the SMM 
handler to power-up the peripheral. 
The I/O instruction automatically 
reexecutes upon RSM-instruction 
execution. 

The Cyrix SMM basically func- 
tions the same way, but variations 
can provide other design alterna- 
tives. The CPU has a bidirectional 
SMI pin and a separate address 
strobe pin (SMADS) to implement 
SMM. In addition, two separate 
pins, called suspend request 
(SUSP) and suspend acknowledge 
(SUSPA) can place the CPU into a 
suspend mode while the CPU is 
executing application software or 
SMM handler code. Because the 
SMM configuration registers are lo- 
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The Cyrix Cx486SLC/e pP features an i386SX bus-compatible interface, a 5-stage pipeline, and a hardware multiplier. A SUSP pin 


lets you enter a suspend state without using SMM. 
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cated on the CPU chip, SMM is not 
tethered to a particular peripheral 
I/O chip. Third-party core-logic 
chips, such as Headland’s HT25 and 
VLSI’s SCAMP II chip set, gener- 
ate all of the necessary signals to 
implement the Cyrix SMM. 

When an SMI occurs, the Cyrix 
CPU saves only a subset of the 
CPU state to SMM memory, which 
allows rapid entry and exit into 
SMM. Cyrix added a number of 
save and restore instructions, which 
leave you the option of implement- 
ing a complete or partial CPU 
state store. The SMM memory 
space can range from 4 kbytes to 
16 Mbytes, and the base address is 
programmable to be a multiple of 
the memory space size. Execution 
of a resume instruction returns the 
CPU to the interrupted application 
program. 

The SUSP and SUSPA pins pro- 
vide a simple method for placing 
the CPU in the suspend state with- 
out having an SMI issued. Some 
designers, such as Bob Patti, presi- 
dent of ASIC Design Inc (Chicago, 
IL), finds managing register bits 
and flags in Intel’s SMM “a software 
nightmare” and finds the extra two 
pins on the Cyrix chip an expedient 
alternative to implement the sus- 
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pend state. A software HALT in- 
struction can also trigger the sus- 
pend state. 

The AMD’s version of SMM 
for the Am886DXLV and Am886- 
SXLV wPs gives you additional 
options. AMD uses an SMI pin and 
two additional pins, called SMIADS 
and SMIRDY, to initiate and termi- 
nate bus cycles. When an SMI 
occurs it takes 61 32-bit transfers 
to save the entire CPU state into 
SM-RAM. Both INTR and NMI 
are disabled upon entry into AMD’s 
SMM, whereas the Intel and Cyrix 
versions respond to these inter- 
rupts when executing SMM hand- 
ler code. 

AMD added a number of move 


instructions, called UMOVs, that — 


let you move byte, word, or double- 
word register operands to or from 
main system memory while exe- 
cuting an SMM routine. In addi- 
tion, the AMD chips have an I/O 
instruction break enable (IIBEN) 
input pin that lets system logic im- 
plement an I/O trap when an I/O 
instruction occurs to a powered- 
down peripheral. 

Assertion of the IIBEN pin 
causes the CPU to drive the bidirec- 
tional SMI pin active and then execute 
handler code to power-up the pe- 
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ripheral. To reexecute the instruc- 
tion, the handler code must copy the 
I/O instruction pointer over a default 
pointer. Both Headland and VLSI 
core logic chips have the necessary 
features to handle AMD’s SMM. 

Of course, all of these low-power 
uwPs utilize 3V power supplies in 
one fashion or another. Albeit 
slower, 3V logic can reap as much 
as 56% power savings over 5V 
logic. The Cx486SLC/e comes in 
3 or 5V versions. AMD ywpPs 
operate on a power supply ranging 
from 3 to 5.5V. Intel wPs have 
a voltage-tuned 3V core and a flex- 
ible memory bus, PI bus, and ISA 
bus interface that operates from 3 
or 5V. 

Flexibility has been a watchword 
in early 3V designs. Many early 
designs have been plagued by 
promised—but still unavailable— 
3V system components. In fact, 
some horror stories tell of de- 
signers’ needing to tweak a power- 
supply potentiometer to voltage- 
tune some early 38V components to 
meet specifications. In addition, 
some system peripherals on the ISA 
bus, such as floppy-disk drives, 
don’t employ 3V power supplies. To 
accommodate these mixed-voltage 
conditions, designers must use ex- 
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LOWEST POWER, 40ns DUAL 
COMPARATOR IN 8-PIN SOIC! 


OV Single-Supply Operation, 700A Supply Current (3.5mW) 


LOWEST POWER 40ns, 
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¢ +5V Operation 
e +OV Supply (MAx909) 








¢ Quad Comparator in 
14-pin Narrow SOIC 
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¢ Clean Output Switching 






MAX901 (Single) 


MAX902 (Dual) 
MAX903 (Single) 


> MAX909 (Single) 
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¢ Latched, Complementary 
Outputs (MAx909) 
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¢ No External Pull-Ups 
Required 
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These new single-supply comparators offer the highest speed at the lowest power. Supply current is only 
700uA per comparator while propagation delay is a blazing 40ns (5mV overdrive). Internal hysteresis 
ensures clean output switching when driven by slow moving signals. The MAX907 is the only 40ns dual 
comparator in an 8-pin small outline package designed to operate from a single 5V supply. 


Choose the Fastest, Low-Power Comparators For Your Application 


Prop Delay Supply Current Latched Single Supply 





Comparators 




















































Per Package (ns) Per Comparator Outputs Operation Package Pricel 
we | MAXx909" Single 40 1.2mA v v 8-pin DIP/SO —- $1.50 
wen MAX907 Dual AO 700A Y S-pin- DIF/SO. $1.70 
new MAX908 Quad 40 700UA v 14-pin DIP/SO = $2.95 

MAX901 Quad 8 2.5mA v 16-pin DIP/SO = $5.95 

MAX902 Dual 8 2.5mA Vv vY 14-pin DIP/SO = $4.00 

MAX903 Single 8 2.5mA v vY 8-pin DIP/SO = $3.15 

ANAL FREE Op Amp/Comparator Design Guide — Sent Within 24 Hrs! 
mage cre aii Includes: Data Sheets and Cards for Free Samples 
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Call Toll Free 1-800-998-8800 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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ternal voltage translators. The 
problem seems to be dissipating, 
however, as more 3V components 
with firm specifications are becoming 
available in 1993. 

Not all designs require the com- 
putational power of a 386- or 486- 
compatible CPU. Many handheld 
units perform their duties using 
8086 code. The 20-0z PC-Lite from 
Two Technologies (Horsham, PA), 
and the 2°4-lb Handbook from Gate- 
way 2000 (North Sioux City, SD) 
use Chips and Technologies’ (C&T) 
F8680 PC/Chip. PC/Chip ($47.50 for 
8-MHz 3V version (1000)) runs 8086 
opcodes, but a 4-stage pipeline and 
a 14-MHz clock deliver 80286 per- 
formance figures. 

To implement power-manage- 
ment techniques, C&T introduced 
a supervisory mode, called Super- 
State R. SuperState R has its own 
hidden memory area, and an event 
such as an access to an I/O port, 


an elapsed timer, or an external in- 
terrupt can automatically enter the 
mode. I[ll-behaved code in the BIOS 
or application and terminate-and- 
stay-resident (TSR) programs can- 
not disable code written to execute 
in SuperState R mode. 

Instead of slowing or stopping 
the clock to conserve power, the 
PC/Chip lets you insert a delay be- 
tween instructions. SuperState R 
software can insert delays from 1 
to 128 clocks. The delay lets instruc- 
tion, mMemory-access, and data- 
transfer transactions occur at the 
specified clock speed. The tech- 
nique eliminates stretching an ac- 
tive state, which is liable to con- 
sume power when clocks slow 
down. 

A review of all the wPs for low- 
power applications is not possible 
here, but two more processors are 
worth mentioning. The AT&T Hob- 
bit ATT9200 chip set consists of five 





devices: the Hobbit pwP ($35 
(10,000)), system-management con- 
troller, PCMCIA (Personal Com- 
puter Memory Card International 
Association) controller, video-dis- 
play controller, and an optional pe- 
ripheral controller. The 3.3V chip 
set runs Go Corp’s (Foster City, 
CA) Penpoint operating system, 
and EO Inc (Mountain View, CA) 
employs the chip set in its 440 and 
880 personal communicators. 

The Hobbit ~P employs a 3-stage 
pipelined RISC architecture that 
has static branch prediction to mini- 
mize pipeline breaks. Instead of 
general-purpose registers, the pP 
has a 256-byte stack cache, which 
eliminates the need to save regis- 
ters to external memory during 
procedure calls. The architecture is 
optimized for running C-language 
code and features fast interrupt re- 
sponse and context switching. A 
power-management mode can im- 
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dase Pacific Softworks 


FUSION Developers Kit 


... for Embedded Systems 


° Fusion TCP/IP protocol suite 

¢ Flexible architecture - Csource code 

° Used in hundreds of process control, em- 
bedded systems, and end-user designs 

° Full support with consulting and porting 


PLEASE CALL US 


We accept Visa and Mastercard 
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* Binary TCP/IP transport 
° PDS for DOS 


¢ Windows Sockets API 
1-800-541-9508 within the U:S. 


1-805-484-2128 outside the U.S. 
1-805-484-3929 FAX 





... for Windows 













COMPLETE 1.44W TO 3W 
POWER-SUPPLY MODULES 
ARE NOW 6 TIMES SMALLER!» 


DUAL +12V OR +15V 
OUTPUTS 





FLASH MEMORY STEPDOWN 
PROGRAMMING SUPPLY TO +5V 
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14-Pin DIP Only 0.29" High 
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MAX1743 
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MAX1738 





24-Pin Wide DIP Only 0.345" High 
0:57" X 1:27" % 0.345" 


14-Pin DIP Only 0.29" High 
0.27" x 0.77" x 0.29" 





MAX1732 | MAX1738 MAX1743 





¢ 12V, 120mA Output ¢ +0V, 500mA Output ¢ +12V at 125mA or +15V at 
¢ 14-Pin DIP Only 0.29" High:  14-Pin DIP Only 0.29" High: | 100mA Outputs 

0.27" x 0.77" x 0.29" 0.27" x 0.77" x 0.29" ¢ 24-Pin Wide DIP Only 

(6.86mm x 19.57mm x 7.37mm) (6.86mm x 19.57mm x 7.37mm) 0.345" High: 
¢ AV to 6V Input Range ¢ 6.6V to 16V Input Range ae x seo sil 
¢ 85% Efficient ¢ 86% Efficient : je ie SAAS nm) 
¢ 1.7mA lsuppLy ¢ 1.7mA lsyppLy : bag 

(70uA in Shutdown Mode) (60uA in Shutdown Mode) = * 82% Efficient 

¢ Reference Output ¢ Reference Output ¢ 20mA IsuppLy 


(2.2mA in Shutdown Mode) 
¢ Reference Output 
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plement four states: full power, idle 
power, standby, and no power. The 
mode can also stop any system clock 
under software control. 

Apple Computer chose the ARM 
(Advanced RISC Machine) 610 pP 
for the heart of its Newton family of 
Personal Digital Assistants. Acorn 
and VLSI Technology codeveloped 
the ARM family and VLSI distributes 
it. ARM wPs consist of functional 
system blocks (FSBs) surrounding 
a 32-bit ARM 6 RISC core. 

The FSBs in the ARM 610 consist 
of a 4-kbyte instruction and data 
cache, a write buffer, a memory- 
management unit, and boundary- 
sean circuitry. The $46.49 (1000) 
ARM 610 conserves battery power 
by having a low-transistor-count 
design. The chip draws less than 
4.5 mA/MHz and operates as fast 
as 25 MHz. 

Not all portable designs require 
the power of a CISC or RISC pP, 
however. Mark Freeman, staff engi- 
neer at Stratus Inc, a contract house 
in Seattle, WA, says that a Moto- 
rola MCb8HCO5 uC is good enough 
for most of his portable designs. The 
chip is resplendent with on-chip peri- 
pherals and an instruction set that’s 
adequate for embedded tasks. 

The MC68HCO5 has a WAIT in- 
struction that disables CPU proc- 
essing while the internal clock re- 
mains active. A STOP instruction 
turns off the internal clock. How- 
ever, the designer must implement 
power management in external sys- 
tem logic to control power to exter- 
nal peripherals and to manage the 
system clock rate. High on Free- 
man’s wish list is a wC having an 
MC68HC05 core and an internal 
programmable logic block, which 
could implement these power-sav- 
ing features. Perhaps one of the wP 
vendors is listening. EDN 
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Needs V0 Feedback — Simple to Use 


The MAX435 and MAX436’s unique architecture provides accurate gain without feedback, eliminating loop- 
transmission phase shift—a primary cause of parasitic oscillations. And, unlike current feedback amplfiers, 
the MAX435/MAX436 are easier to use since their inputs are fully symmetric, high-impedance, and tolerate 
wide differential input voltages without saturation. 








¢ High CMRR: 53dB at 10MHz ¢ Symmetric, Differential Inputs — 
¢ 850V/us Slew Rate ¢ Low Wideband Noise: 7nV/VHz 
¢ 18ns Settling Time @ Single Ended Output (MAX436) 

— Differential Output (MAX435) 
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watts ¢ Efficient. . .reliable. . .economical « 


POWER-ONE'S International Linear Series is the world’s undisputed leader in 
versatile, cost-effective linear power supply products. A long-time favorite of 
designers and engineers worldwide, the series is the most widely purchased 
power supply line through distribution in the industry. The most popular volt- 
age and current combinations are available in a wide variety of off-the-shelf 
standard models. © Popular industry standard packages ¢ 77 models... . 

6 watts to 280 watts ¢ + 0.05% regulation © Up to 4 fully regulated 
outputs ¢ Worldwide safety approvals 





POWER-ONE offers one of the largest selections of switcher, linear, and 
high power standard models in the world. Most models available off the shelf 
from authorized distributors. So, whatever your D.C. power supply requirement 
make POWER-ONE your first choice and be sure you're getting the best— 
quality, selection, value and quick delivery. Call today for our new Reference 
Guide and the location of our closest authorized distributor. 


POWER-ONE’S International Switcher Series incorporates the latest state-of- 
the-art switching technology while providing POWER-ONE's traditional high 
quality at low prices. With certification to the world’s toughest safety agency 
requirements, the series is especially suited for products sold not only 
domestically, but internationally as well. ¢ 85 models. . .40 watts to 400 
VDE construction ¢ Up to 5 
fully regulated outputs ¢ Full international safety and EMI approvals 


¢ 500 watts to 2,000 watts ¢ Fully modular construction TOLL FREE 
e Up to 15 fully regulated outputs ¢ UPS battery LITERATURE 
backup option ¢ Parallelable outputs with current HOT-LINE: 
sharing ¢ Power Factor Correction optional (800) 678-9445 


© POW UNE 





POWER-ONE'S International High Power Series is a true fully-modular 
- high power product line. Specify a power system that meets your exact 
a ae Se requirements from a wide selection of single, dual and triple 
as ey = output plug-in power modules. Virtually any combination of 

: BM: GT output voltage and current rating can be delivered from stock. 






“Innovators in Power Supply Technology” 


— Power One 
0.0. POWEF SUPPLIES 


POWER-ONE, INC. 
740 Calle Plano - Camarillo, CA 93012-8583 
Phone: (805) 987-8741 - FAX: (805) 388-0476 
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Two firms reduce the cost 
of adding color to DSO displays 


Scopes with color displays offer ob- 
vious advantages, but until now, 
those advantages commanded a 
high price. When you view several 
waveforms at once, color makes 
them easy to tell apart. Depending 
on how a scope implements color, 
a multihued display can supply in- 
formation that is missing from most 
monochrome DSOs’ raster displays, 
but is inherently present in an ana- 
log scope’s gray scale. A color scope 
can also ease the task of telling 
when two waveforms do and don’t 
coincide. In the past, the problem 
with color-display scopes was that 
most were expensive; some cost 
well over $30,000; others cost close 
to $60,000. Now however, Gould 
and Tektronix have altered the cost 
picture for scopes with color dis- 
plays. 

Thanks to new technology, both 
firms are offering color-display 
DSOs for about $500 more than the 
closest equivalent monochrome 
models. Gould’s Datasys 700 series 
uses an active matrix LCD. You 
may ask what’s new about that; lap- 
top PCs have had active-matrix 





color displays for at least two years. 
But the Gould scopes’ double-diode- 
and-reset technology is quite differ- 
ent from that of PCs’ thin-film- 
transistor active-matrix displays. 
Liquid-crystal technology is also at 
the heart of the Tek displays. The 
TDS 544A and 644A do use CRTs, 
however. The color results from 
combining a liquid-crystal shutter 
with a CRT that uses a 180-Hz field- 
sequential raster scan. 

Both techniques produce stun- 
ningly bright, clear traces. On a 
pure pixel-count basis, Tektronix 
leads Gould by a wide margin. The 
resolution of the Tek displays is 
equivalent to the 640 x 480 pixels of 
a PC’s VGA (video graphics array) 
adapter. Because the scopes’ 7-in. 
diagonal screens are much smaller 
than those of most PCs’ color moni- 
tors, the effect is exceptional. 
Gould’s pixel counts are lower— 
256 x 230. But you have to see the 
Gould display to believe it. Your 
first impression will be that the 6- 
in. (diagonal) screen must be a 
CRT. The tiny white text charac- 
ters are more readable than those 


on many displays that have 10x as 
many pixels. 

Despite the technological achieve- 
ments embodied in the displays, the 
vendors like to mention the color 
feature almost in passing. What 
they most want you to hear about 
are the scopes’ other advanced ¢a- 
pabilities. 

Whereas all of these scopes offer 
color at a modest premium over 
monochrome, the Gould and 
Tektronix units really don’t com- 
pete. The $7500 Gould unit has 150- 
MHz bandwidth and can take 100M 
samples/sec/channel. To make full 
use of its bandwidth, you must op- 
erate it in the random-repetitive 
sampling mode where it acquires 
the necessary samples from multi- 
ple waveform occurrences. The 
$16,750 Tek TDS 544A has four 
250M-sample/sec ADCs and a band- 
width of 500 MHz. With one channel 
active, the scope can combine all 
four ADCs to take 1G samples/sec, 
just enough to acquire a 500-MHz 
signal in real time. The $21,490 4- 
channel TDS 644A always samples 
in real time. It has a 500-MHz band- 





In addition to color, the Gould Dotosys 740 (left) offers on-screen readout in user-defined engineering units and a “learn” mode that 


makes short work of using the front panel to create scope-control programs. The Tektronix TDS 544A (right) and 644A include 3'/-in. 


MS-DOS-compatible floppy-disk drives. 
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VORTEX” Concentrates I/O 


tor top C40 performance 
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Harness the awesome power of 
TT’s TMS320C40 digital signal pro- 
cessor to your AT or compatible com- 
puter —the Vortex system board from 
ASPI is all you need! 
The Vortex is particularly well-suited 
for prototyping and implementing multi- 
processor configurations. The six C40 
; communication ports allow direct processor- 
to-processor communication; almost any 
number of Vortex Boards can be linked 
quickly and easily by just plugging 
them together. 
Besides the main’ TMS320C40 proces- 
sor, a Vortex Board has a TI’ TMS320C31 
floating-point processor. The ’C31 can be 
used with the ’C40 for I/O processing or 
filtering, or for entirely separate functions. 
This gives the Vortex a total floating-point 
capacity of 83 MFLOPS. 


of SRAM, and works with 
ASPI’s daughter boards—_ , 
including a 64 Mbyte DRAM 
board, digital audio interface and general 
A-D/D-A systems. 

Ask today for full details on this 
remarkable new DSP system. 


, Atlanta Signal Processors, Inc. ¢ 770 Spring Street 
CUY YW Atlanta, GA 30308 USA 
(404) 892-7265 ¢ FAX: (404) 892-2512 
WORLD LEADERS IN DSP DESIGN TOOLS 


CIRCLE NO. 70 


Dip You KNow? 


EDN serves 
electronic engineers and 
engineering managers in more than 
100 countries worldwide. 
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The Vortex will accommodate up to 2 Mbytes 
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width and can take 2G samples/sec/ 
channel. 

The Gould products have several 
features that are unusual in scopes 
at the $7500 price. One is a 50k- 
sample memory. A zoom capability 
lets you expand a waveform seg- 
ment by as much as 1000 X and dis- 
play it beneath the original. The 
scope also offers a roll (strip-chart) 
mode that is useful for observing 
slow phenomena. A host of mathe- 
matical operations includes low- 
pass filtering, “live” multiplication 
of waveforms, and FFTs. When you 
work with transducers, the scopes 
can suppress offsets and scale read- 
ings in the engineering units of your 
choice. 

The Tektronix scopes, though 
similar to the monochrome TDS 540 
and 640 that were announced in 
1991, incorporate several improve- 
ments besides color. One feature 
not shared by the monochrome 
units is a 1.44-Mbyte, 3’4-in. MS- 
DOS-compatible floppy-disk drive. 
Both color scopes also offer a $1495 
video-triggering option that lets 
them trigger on a variety of cur- 
rently used video-broadcast formats 
as well as several proposed HDTV 
formats. In addition, a FlexFormat 
capability permits triggering on 
user-defined HDTV formats and on 
specific color fields. 

The TDS 544A also lets you seg- 
ment its memory (15,000 points/ 
channel standard; 50,000 optional) 
and use the different segments to 
store successive single-shot events 
at rates to 50,000 events/sec. With 
a 50,000-point memory, the scope 
can store 910 waveforms. 

—Dan Strassberg 

Gould Inc, 8333 Rockside Rd, 
Valley View, OH 44125. Phone 


(216) 328-7000. FAX (216) 328- 


7400. Circle No. 387 

rekivonie: Inc, Box: +1520, 
Pittsfield, MA 01202. Phone (800) 
426-2200. Circle No. 388 
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10-BIT ANALOG-TO-DIGITAL CONVERTER 


So easy-to-use, it opens a new window 
of software programmability 





™ Software-Programmable Functions | - 
Conversion speed/resolution = sits 
— 4.4 ts max at 10-bit plus sign 
— 3.2 us max at 8-bit plus sign . 
Multiplexer © Output DataFormat = | | 
—Singie-ended _—«_—-_leftorrightjustified | .. 
—Differential = = == |. 
— Pseudo-differential _ 


x ADC101 58 Block Diagram 


B 











Introducing the . put data format. All with just a 
industry's first software- ite: ih er ri a Our lines are open. 
and whenever you eC. 
pr Ogr ammable 10-bit ADC. o For free samples and datasheets, 
, Which means you get “on- call: 1-800-NAT-SEMI, Ext 145. 
Simply put, our latest the-fly” optimized system per- Or, fax: 1-800-888-5113. 
ADCreation — the ADC10158 — formance, while consuming just 
is Open to suggestions. 33mW of power. 
Now you can change your It also means that — now — "i 
conversion speed, reconfigure you can put design flexibility at OY National 
your mux, or adjust your out- your fingertips. 


NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1 800 628 7364, ext. 145; Fax: 1 800 888 5113); EUROPE: Industriestrafge 10, D-8080 Fiirstenfeldbruck, Germany 
(Tel: 49 8141 103 0; Fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd.,Tsimshatsui, Hong Kong (Tel: 852 737 1600; Fax: 852 736 9921); 
JAPAN: 4-15, Nishi-shinjuku, Shinjuku-ku, Tokyo, Japan 160 (Tel: 81 3 3299 7030; Fax: 81 3 3374 4303). 
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Prototyping to production — 
UniSite programs them all. 


Whether you want to program devices 
one at a time or eight at a time, UniSite™ 
Universal Programmer is _ 


more devices than any other program- 
mer including FPGAs, PLDs, 
memory devices, and micro- 















the programmer of controllers, all from a single 
choice for both site. It supports more types 
design engineers of packages — including 
and production per- an expanding array of 
sonnel. UniSite is high-pin- count 

the most widely used devices — from QFPs, 
programmer in the TSOPs, and SOICs to 
world, because it’s the DIPs, PGAs, QUIPs, and PC 
most flexible programmer memory cards. And UniSite is always 
ever built. first to support new devices. 


For designers, UniSite is the premier 
universal programmer. It supports 


In production, no programmer is 
easier to set up and operate than 


Outside North America contact your local Data I/O representative. 


Austria Finland Ireland Norway Sweden 

0222 253626 90 8036211 031 953000 02 901190 08 380370 
Belgium France Italy Portugal Switzerland 

02 252 3690 013 9568131 02 618 1893 01 410 3420 49 089 858580 
Denmark Germany Netherlands Spain United Kingdom 
042 458320 O89 858580 040 582911 O01 2425204 0734 440011 
Eastern Europe Greece 

49 089 858580 172 49511 


© 1993 Data I/O Corporation CIRCLE NO. 33 


UniSite. This single, compact, rugged 
system gives you everything you need 
for reliable gang programming. 
Manufacturer-certified algorithms 
ensure high yields. Automatic yield 
tally and either manual or computer 
remote control give you all the features 
and flexibility you need. 

For more programming flexibility, 
start and finish with UniSite. For more 
information, or a demonstration, call: 


1-800-3-DataIO 


(1-800-332-8246) 


DATA I/O 
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Mathcad 4.0 enhances 


computations under Windows 3.1 


Mathcad 4.0, the latest upgrade to 
Mathsoft’s Mathead, features a 
rule-based processor, called Smart- 
math, which simplifies numeric and 
symbolic computations. Smartmath 
reduces symbolic expressions, in- 
cluding integrals and derivatives, 
before Mathcad computes them. 
Just like Mathcad’s numerical calcu- 
lations, Smartmath recomputes a 
symbolic result whenever any of the 
equations it depends on change. 

Mathcad 4.0 runs under Windows 
3.1 as a 32-bit application using 
WIN83B2S libraries. The software re- 
quires a 386- or 486-based PC that 
runs DOS 38.1 or later and has a 
minimum of 4 Mbytes of RAM. The 
company recommends a math 
coprocessor and 8 Mbytes of virtual 
memory. Mathcad 4.0 runs twice as 
fast as previous versions and lets 
you manipulate virtually unlimited 
data arrays at one time. 

As an alternative to the calcula- 
tor, Mathcad 4.0 features a toolbar 
of icons for executing numeric and 
symbolic calculations; cut-and-paste 
numbers, which enable you to move 
data to and from Mathcad to a 
spreadsheet; and autoscrolling, 
which lets you scroll through a 
Mathcad document with a single 
mouse click. The Auto-equation fea- 
ture lets you enter equations and 
text anywhere and then aligns the 
elements vertically and horizon- 
tally; drag and drop lets you high- 
light part of an equation and move 
it anywhere. The upgrade also in- 
cludes extensive new mathematics 
and graphing features, such as po- 
lar and contour plotting, trailing ze- 
ros, and nth derivative operators. 

Mathcad 4.0 supports Microsoft’s 
Object Linking and Embedding 
(OLE) software for both client and 
server, which lets you transfer data 
and graphics between Mathcad and 


other OLE-compliant software, 
such as Lotus 1-2-3, Microsoft 
Word, and Excel. Mathead 4.0 also 
provides Dynamic Data Exchange 
(DDE), which lets other Windows- 
based applications use Mathcad as 
a server for complex calculations. 


- Mathcad - 
Graphics § 
oie ey qa | q 
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«=| from spreadsheets into 
: Mathcad matrices. 
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Mathcad 4.0 for Windows 
Mathcad matrices. 


Mathsoft also introduced three 
electronic handbooks, which pro- 
vide Mathead 3.1 (or later) users 
with interactive, accessible techni- 
cal data. The handbooks are Theory 
and Problems of Electric Circuits 
from Schaums’ Outline Series, 
Mathsoft’s Topics in Mathcad: Ad- 
vanced Math, and Electrical Engi- 
neering. Schaums’ handbook costs 
$69; the other two handbooks cost 
$99 (all three require Mathcad 3.1 
or later and 1 to 3 Mbytes of hard- 
disk space). 

In addition, five new handbooks 
for the Mathcad Education Library 
include Algebra I, Algebra II, Pre- 
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calculus, Calculus, and Differential 
Equations. The Educational Li- 
brary targets students, as well as 
secondary- and college-level educa- 
tors. These tools allow users to 
work with “live” mathematics and 
explore math concepts without do- 


a mk sled eo iY 1 
116] 0.697| 0.618] 0.309] 0 
7|_1.176| 0.897| 0588) 0 
1397] 1.118) 0.809, 7 
~ 1261 0.951| | 
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3.1 lets you cut and paste data from a spreadsheet into 


ing routine, repetitive work. The 
handbooks, which cost $69, require 
Mathead 3.1 or later. Mathcad 4.0 
requires 4 Mbytes of memory and 
costs $495 (upgrades cost $49.99). 
—John Gallant 
Mathsoft Inc, 201 Broadway, 
Cambridge, MA 02139. Phone (617) 
577-1017. FAX (617) 577-8829. 
Circle No. 389 
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14- and 16-bit ADCs speed 
past the 1-MHz mark 


High-speed and high-resolution A/D 
converters are reaching new per- 
formance levels. Analogic Corp in- 
troduces a 16- bit, 2-MHz device, 
and start-up Edge Technology an- 
nounces a deluge of new products, 
including a series of 16-bit, 1- to 
3-MHz converters and higher-speed 
14-bit converters and data-acquisi- 
tion systems. 

Edge Technology’s ET1663 is the 
first 3-MHz, 16-bit ADC. And, 
along with the specifications listed 
in Table 1, the ET1663 boasts less 
than 1 LSB of noise. In designing 
the 2-MHz ADC4344, Analogic dou- 
bled the sampling rate of the 
ADC4322, a 1-MHz predecessor and 
reduced the package size to a 46-pin 
hybrid. 

All of the converters listed in the 
table are sampling converters— 
they include either front-end S/H 
(sample-and-hold) or T/H (track- 
and-hold) amplifiers. The convert- 
ers also include precision voltage 
references, timing circuitry, and 
some sort of 16-bit quantizer. 

The ADC4322 uses a 2-pass, 
subranging architecture that in- 
cludes a very stable 16-bit linear 


reference DAC. This converter’s 
S/H amplifier provides low noise (28 
nV/V Hz), jitter of 5 psec, and a full- 
scale step response of 250 nsec for 
time-domain applications. Noise is 
typically 90 pV rms for a 10V p-p 
full-scale range. The part requires 
+15 and 5V supplies. 

Designers at Edge Technology 
use monolithic parts and a unique 
trimming scheme to produce its con- 
verters, which require +15 and 
+5V supplies. The company also 
packages the converters in metal 
cases, which combined with the con- 
verters’ power consumption, elimi- 
nate the need for an external heat 
sink and minimizes electrostatic and 
electromagnetic interference. 

All of the converters have a maxi- 
mum differential nonlinearity of 
+0.75 LSB and no missing codes. 
However, comparing these convert- 
ers’ dynamic specifications is tricky. 
Even though both manufacturers 
quote an S/N ratio, each uses differ- 
ent methods to specify distortion. 
Analogic uses peak distortion, total 
harmonic distortion (THD), and 
THD plus noise. These specs are 
—92 dB max, —86 dB max, and 


83 dB min, respectively, for 100- 
kHz, 0-dB inputs. For the ET1663 — 
family, Edge Technology quotes a 
spurious-free dynamic range of 92 
dB min and SINAD (S/N ratio and 
distortion) of 83 dB min with 100- 
kHz, —0.5-dB inputs. The spurious- 
free dynamic range is typically 100 
dB for 5-kHz inputs. 

Edge Technology’s DAS4504 and 
DAS4808 are 4-channel, 5-MHz, 
and 8-channel, 8-MHz data-acquisi- 
tion systems, respectively. These 
systems have all the components of 
the company’s 14-bit tracking con- 
verters in addition to input multi- 
plexers and buffer amplifiers. 

—Anne Watson Swager 

Analogic Corp, 360 Audubon Rd, 
Wakefield, MA. 01880. Phone (508) 
977-3000, ext 2089. Fax (617) 245- 
1274. Circle No. 385 

Edge Technology, 15 Pine St, 
Lynnfield, MA 01940. Phone (617) 
I34-8330. Fax (617) 38384-38539. 

Circle No. 386 


Table '—High-speed, 4 and 16- bit t sampling / ADCs and d data-acquisition systems 


S/N ratio. 












Power 










Resolution Sampling 4 rate 7 _ dissipation Price 
Vendor Part no. = aes max) (dB) _ Package type a W) (100) 
Analogic ADC4322 — 86 min, 90 typ 1.5 x 2.38 x 0.225-in. $995 
Corp (100-kHz, 0-dB input) hybrid 
Edge ET1663 3 90 min, 92 typ 3 x 4 x 0.4-in. $1795 or $1995 
Technology ET1662 2 (100-kHz, —0.5-dB input) module $950 or $1295 
ET1661 1 : $499 or $599 
ET1465 <. 80 min, 82 typ | 3x4x04-in. $495 or $795 
(100-kHz, —0.5-dB input) _ module _ 
ET1471 B0min, 82tvp =i (ws BA 4 in $1250 or $1495 
(500-kHz, -0.5-dBinput) | == module 


DAS4504 
DAS4888 


fi 





80 min, 82typ 
(100-kHz, —0.5-dB input) i 


Note: Edge Technology offers two versions of its products; the lower price is for industrial versions. 
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| 3x4x04in 
module | : 





$821 or $971 
$1688 or $2021 — 
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Smarter solutions. 


Today your design challenges require smart choices. mm materials that help you work smarter and keep your 
At Micron, we offer a wide variety of SRAM competitive edge. 
solutions for virtually any design requirement. This So when your requirements call for faster, wider, 
includes low-power, 3.3-volt, high-speed SRAMs smaller, lower-power or lower-voltage SRAMs, think 
for faster program execution. And smaller pack- Micron. Phone 208-368-3900 now for your free 
aging and wider configurations to save board space copy of Micron’s 1993 SRAM Data Book. 
and reduce cost. And make the smart choice. 
Plus we provide engineering support and design 













SEMICONDUCTOR, INC. 


Micron Europe Limited, Centennial Court, Easthampstead Road, Bracknell, Berkshire RG12 IA, U.K. Tel: 44 344 360055, Fax: 44 344 869504 
Micron Semiconductor (Deutschland) GmbH, Marsstrasse 3, D-8011 Aschheim, Germany — Tel: 49 89 9030021, Fax: 49 89 9043114 


©1993, Micron Semiconductor, Inc 
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SUBSTRATES & 
HIGH DENSITY 
HYBRIDS 


When your designs are long on cir- 
Cuitry and short on real estate, we 
have your solution. Consider our cost 
effective Thick Film Multilayer Sub- 
strates and High Density Hybrids. 
We can offer 100% tested Multilayer 
Substrates as the base for your high 
density hybrid applications. And, we 
can populate them for you, too! 


Our Capabilities Include: 

@ CAD System Design 

@ Extensive Engineering 
Design Services 

@ In-House Screen Production 

@ 3 mil Lines & Spaces 

@ Double Sided Multilayers 

@ Printed Through Holes 

@ Resistors on Dielectric 

@ SMT and/or Chip-And-Wire 

@ CO2 Laser—Scribe & Drill 

@ YAG Laser—Active/Passive Trim 

@ Automated Isolation/Continuity 
Testing 

@ And, more. Much more. 


From simple one or two layer commer- 


Cial parts to the most complex designs, 


we build in quality, performance, and 
reliability to meet the most demanding 
applications. Call us with your require- 
ments. We’ like to talk with you. 


hy Hybridyne Inc. 


2155 North Forbes Blvd., Tucson, AZ 85745 
(602) 629-0001 FAX (602) 791-3899 


CIRCLE NO. 79 
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Video op-amp prices 
drop to new depths 


Almost unbelievably, you can now 
buy some video op amps for under 
$2 in 100-piece quantities. Prices for 
larger quantities drop much lower. 
Amplifiers in dual and quad pack- 
ages, which sometimes have less 
impressive specs than the single 
versions, are as low as $1.12 per 
amp. 

The products in Table 1 join high- 
speed amplifiers from Analog De- 
vices, Elantec, and Linear Technol- 
ogy, as well as from Burr-Brown, 
Comlinear, Harris Semiconductor, 
Maxim Integrated Products, Na- 
tional Semiconductor, and SGS- 
Thomson. The competition between 
these vendors seems most intense 
with current-feedback devices, but 
many high-speed amplifiers use the 
voltage-feedback topology. 

In addition to 3-dB bandwidth, 
other specifications that differenti- 
ate high-speed amplifiers—espe- 
cially those tailored for video appli- 
cations—are output current, differ- 
ential gain and phase, and gain flat- 
ness. 7 

The LT1252 current-feedback op 
amp features differential gain of 
0.01% and phase of 0.09°. The dual 
and quad versions feature 0.03% 


and 0.28° differential gain and 
phase, respectively. The AD818 
voltage-feedback device features 
0.05° and 0.01% differential phase 
and gain. Differential gain and 
phase for the EL2x44 family are 
0.04% and 0.15°, respectively. The 
EL2x60 devices specifications are 
0.04% and 0.1°. 

For a video amplifier, 100 mA is 


-a high output drive. The EL2x60 


has a minimum and typical output 
current of 60 and 100 mA, respec- 
tively. The LT1252 has a minimum 
output current of 30 mA; the 
AD818, 50 mA; and the EL2044 
minimum is 50 mA. The 0.1-dB 
bandwidth of the AD818 is 55 MHz, 
compared to the LT1252’s 30 
MHz.—Anne Watson Swager 

Analog Devices Inc, 181 Ballard- 
vale St, Wilmington, MA, 01887. 
Phone (617) 937-1428. Fax (617) 
821-4273. Circle No. 382 

Elantec, 1996 Tarob Ct, Milpitas, 
CA, 950385. Phone (408) 945-1323. 
Fax (408) 945-9305. Circle No. 383 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA, 
95035. Phone (408) 432-1900. Fax 
(408) 434-0507. Circle No. 384 


Table 1—Recently introduced low-cost, 
high-speed op amps 


Analog 
Devices 
Circle No. 382 


Characteristics 


100-MHz bandwidth at gain of —1. 
50-mA output current. 7.5-mA supply 
current. (Higher-speed version of 


company’s '817.) 


AD826/828 


Elantec 
Circle No. 383 


Dual versions of '817 and 818. 


EL2044/2244/2444 | Singles, duals, and quads at 60-MHz, 
unity-gain-stable bandwidth. 5.2-mA 


$2.99/$3.99 
$1.80/$2.95/$3.95 


supply current. 


EL2260/2460 


Linear LT1252/3/4 
Technology 


Circle No. 384 


Dual and quad 100-MHz bandwidth. 


90- to 100-MHz bandwidth. 
0.1-dB flatness to 30 MHz. 


$5.20/$8.40 
$1.75/$2.49/$4.49 
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Migrate with the 
leader to a whole 
new level of 8-bit 
performance, more 
easily than you 
ever imagined. 
Starting May 10. 
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“THE ELECTRONICS TRADE SHow On WHEELS8s” 
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This travelling showcase of electronic 
products is coming your way! 


Check the schedule on the opposite page for the date and time we will be visiting your company. 
Take a few minutes while the exhibit is on-site to see and learn about the latest product innovations 
trom the leading group of electronic suppliers listed below. Exhibitor representatives will 

be available to explain and demonstrate products and answer your questions. 

Just stop by the large display trailer during the posted 
show times and climb aboard! 
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ELCO CORPORATION 
PADS SOFTWARE, INC. 
HEWLETT-PACKARD COMPANY 
a HARRIS SEMICONDUCTOR, INC. 
VISHAY RESISTIVE SYSTEMS 
DALE ELECTRONICS, INC. 
OHMTEK — A VISHAY COMPANY 
SPRAGUE — A VISHAY COMPANY 
LeCROY CORPORATION 
NATIONAL INSTRUMENTS CORPORATION 
McKENZIE TECHNOLOGY 

POWERCUBE CORPORATION 

BASLER ELECTRIC COMPANY 
INDUSTRIAL ELECTRONIC ENGINEERS, INC. 


MosuExe0'93 


Tentative Site Itinerary 
May 10 to June 23 (2nd Half) 





IATE 
'10 
londay 
10 
londay 
11 
uesday 
14 
uesday 


12 
lednesday 


12 
lednesday 


ednesday 


19 
ednesday 


19 
ednesday 


5 

esday 

'6 
»dnesday 


TIME 
9:00-11:00 
AM 
12:00-3:00 
PM 
8:30-10:30 
AM 
11:30-1:30 
AM-PM 
9:30-1:00 
AM-PM 
2:15-4:15 
PM 
10:00-2:00 
AM-PM 
8:30-10:30 
AM 
11:30-2:30 
AM-PM 
9:00-11:30 
AM 
1:00-4:00 
PM 
8:30-11:00 
AM 
1:00-3:30 
PM 
8:30-11:00 
AM 
11:45-1:30 
AM-PM 
2:15-4:15 
PM 
8:30-10:00 
AM 
11:00-1:00 
AM-PM 
2:00-4:00 
PM 
9:30-12:00 
AM 
9:00-12:00 
AM 
1:00-4:00 
PM 
10:00-2:00 
AM-PM 
8:00-12:00 
AM 
1:30-4:00 
PM 
8:30-11:00 
AM 
12:00-2:30 
PM 
8:30-10:30 
AM 
11:30-1:30 
AM-PM 


LOCATION 


RAYTHEON ELECTRO-MAGNETIC SYSTEMS 


6380 Hollister Avenue, Goleta, CA 


DELCO SYSTEMS OPERATIONS 
6767 Hollister Avenue, Goleta, CA 


HUGHES MISSILE SYSTEMS COMPANY 
8433 Fallbrook Avenue, Canoga Park, CA 


LITTON GUIDANCE & CONTROL SYSTEMS 
5500 Canoga Avenue, Woodland Hills, CA 


JET PROPULSION LABORATORIES 
4800 Oak Grove Drive, Pasadena, CA 


LORAL LIBRASCOPE CORPORATION 
833. Sonora Avenue, Glendale, CA 


LAWRENCE LIVERMORE LABORATORIES 
7000 East Avenue, Livermore, CA 


WATKINS-JOHNSON COMPANY 
3333 Hillview Avenue, Palo Alto, CA 


LOCKHEED MISSILES & SPACE COMPANY 
1111 Lockheed Way, Sunnyvale, CA 


SUN MICROSYSTEMS, INC. 
2550 Garcia Avenue, Mountain View, CA 


SILICON GRAPHICS 
2011 N. Shoreline Blvd., Mountain View, CA 


APPLE COMPUTER, INC. 
20650 Valley Green, Cupertino, CA 


APPLIED SIGNAL TECHNOLOGY 
160 Sobrante Way, Sunnyvale, CA 


3COM CORPORATION 
5400 Bayfront Plaza, Santa Clara, CA 


STANFORD TELECOM, INC. 
2421 Mission College Blvd., Santa Clara, CA 


SCHLUMBERGER TECHNOLOGIES 
1601 Technology Drive, San Jose, CA 


WATKINS-JOHNSON COMPANY 
2525 North First Street, San Jose, CA 


LORAL WESTERN DEVELOPMENT LABS 
3200 Zanker Road, San Jose, CA 


CONNER PERIPHERALS INC. 
3061 Zanker Road, San Jose, CA 


UNISYS CORPORATION 
2700 North First Street, San Jose, CA 


BOEING COMMERCIAL AIRPLANE (Main Campus) 


3003 West Casino Road, Everett, WA 


BOEING COMMERCIAL AIRPLANE (Everett Mall) 


906-1010 S.E. Everett Mall Way, Everett, WA 


BOEING MILITARY AIRPLANE CO. 
9725 East Marginal Way, Seattle, WA 


BOEING KENT SPACE CENTER 
South 212th Street, Kent, WA 


BOEING KENT SPACE CENTER EAST 
68th Avenue So., Kent, WA 


BOEING COMMERCIAL AIRPLANE 
8th & Park Streets, Renton, WA 


SUNDSTRAND DATA CONTROL 
15001 N.E. 36th Street, Redmond, WA 


INTEL CORPORATION (Hawthorne Farms) 
5200 Elam Young Pkwy., Hillsboro, OR 


INTEL CORPORATION (Cornell Oaks) 
15201 N.W. Greenbrier Pkwy., Beaverton, OR 


DATE 
5/28 
Friday 


6/1 
Tuesday 


6/1 
Tuesday 


6/3 
Thursday 


6/3 
Thursday 


6/4 
Friday 
6/4 
Friday 
6/7 
Monday 
6/8 
Tuesday 


6/9 
Wednesday 


6/9 
Wednesday 


6/10 
Thursday 


6/11 
Friday 
6/14 
Monday 


6/14 
Monday 


6/15 
Tuesday 


6/16 
Wednesday 


6/16 
Wednesday 


6/17 
Thursday 


6/17 
Thursday 


6/17 
Thursday 


6/18 
Friday 
6/18 
Friday 


6/21 
Monday 


6/22 
Tuesday 


6/22 
Tuesday 


6/23 
Wednesday 


6/23 
Wednesday 


TIME 
2:30-4:00 
PM 
9:30-12:00 
AM 
1:00-3:00 
PM 
9:00-12:00 
AM 
1:00-4:00 
PM 
8:30-11:00 
AM 
12:00-3:00 
PM 
9:00-11:30 
AM 
12:00-3:00 
PM 
9:00-11:30 
AM 
1:00-3:00 
PM 
9:00-12:00 
AM 
9:00-12:00 
AM 
9:00-12:00 
AM 
1:00-2:30 
PM 
9:00-1:00 
AM-PM 
10:00-12:30 
AM-PM 
1:30-3:30 
PM 
8:30-10:00 
AM 
10:30-12:00 
AM 
1:00-3:00 
PM 
9:00-11:00 
AM 
12:00-2:00 
PM 
10:00-1:00 
AM-PM 
9:00-11:00 
AM 
12:00-2:30 
PM 
9:30-12:00 
AM 
1:00-3:00 
PM 


LOCATION 


INTEL CORPORATION (Jones Farm) 
2111 N.W. 25th Ave., Hillsboro, OR 


PARAMAX CORPORATION, A UNISYS COMPANY 
640 North 2200 West, Salt Lake City, UT 


E-SYSTEMS INC., Montek Div. 
2268 South 3270 West, Salt Lake City, UT 


STORAGE TECHNOLOGY CORPORATION 
2345 Clover Basin Dr., Longmont, CO 


STORAGE TECHNOLOGY CORPORATION 
2270 South 88th Street, Louisville, CO 


AT&T BELL LABORATORIES 
11900 N. Pecos Street, Denver, CO 


MARTIN MARIETTA CORPORATION 
12257 Colo. State Hwy. 121, Littleton, CO 


DIGITAL EQUIPMENT CORPORATION 
301 Rockrimmon Blvd. S., Colorado Springs, CO 


BOEING COMMERCIAL AIRPLANE CO. 
3801 So. Oliver, Wichita, KS 


ALLIED SIGNAL AEROSPACE, BENDIX/KING 
400 North Rogers Road, Olathe, KS 


WILCOX ELECTRIC 
2001 N.E. 46th Street, Kansas City, MO 


ALLIED SIGNAL AEROSPACE 
2000 East 95th Street, Kansas City, MO 


McDONNELL DOUGLAS CORPORATION 
Lindbergh & McDonnel Blvd., St. Louis, MO 


ROCKWELL INTERNATIONAL, COMML’ AVIONICS 
400 Collins Road N.E., Cedar Rapids, IA 


ROCKWELL INTL’, COLLINS DEFENSE 
855 5th Street N.E., Cedar Rapids, IA 


IBM CORPORATION 
Hwy 52 & Northwest 37th St., Rochester, MN 


HONEYWELL INC., MILITARY AVIONICS 
1625 Zarthan Avenue, St. Louis Park, MN 


HONEYWELL INC., COMML’ FLIGHT SYSTEMS 
8840 Evergreen Blvd., Coon Rapids, MN 


ADC TELECOMMUNICATIONS 
5900 Clearwater Ave., Minnetonka, MN 


ADC TELECOMMUNICATIONS 
11311 K-Tel Dr., Minnetonka, MN 


PARAMAX SYSTEMS, A UNISYS COMPANY 
3333 Pilot Knob Road, Eagan, MN 


JOHNSON CONTROLS, INC. 
507 E. Michigan Ave., Milwaukee, WI 


ALLEN-BRADLEY COMPANY 
1201 South 2nd Street, Milwaukee, WI 


SUNDSTRAND ADVANCED TECHNOLOGY 
4747 Harrison Avenue, Rockford, IL 


HONEYWELL INC. 
1500 W. Dundee Road, Arlington Heights, IL 


MOTOROLA RADIO-TELEPHONE SYSTEMS 
1421 W. Shure Drive, Arlington Heights, IL 


AT&T BELL LABORATORIES (Indian Hill Main) 
2000 N. Naperville Rd., Naperville, IL 


AT&T/NCR CORPORATION (Indian Hill West) 
1100 E. Warrenville Rd., Naperville, IL 





Check the site itinerary above for the date and time we visit your company. 
Make a point to attend this unique mobile exhibit and see the very latest in new 





products and services from this year’s exhibitors. 


CIRCLE NO. 90 
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The idea 











F R E E 9300 Series Digital Oscilloscopes 


The Idea is simple. Catch signals with your oscilloscope, then get them onto | 
70 page paper, into your lab notebook, or professional-looking reports. Or maybe you 
want to analyze them on your PC. 


Application Notebook | that uses to mean instant phetes, or printer interfaces, plug.in cards, cables | 


and “utility” software. And lots of wasted effort. 


The Genius is LeCroy's 9300 series oscilloscopes. With builtin Printers and _ 
1-800-4- LeC roy DOS-compatible floppy drives, they let you concentrate on your circuit. While we 


look after the paperwork. 























(1-800-453-2769) 





Innovators in Instrumentation 
CIRCLE NO. 110 
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EDN-PROCESSOR UPDATE 


Motorola’s 68360 communications 
controller moves to 32 bits 


Tee are two ways to do 
higher-bandwidth communica- 
tions processing: go to a faster CPU 
or use built-in hardware to handle 
specialized protocol processing. 
Motorola took the second route with 
its 68302, combining a 68K CPU 
with dedicated communications 
hardware, including a micropro- 
grammed line processor. Now, to 
meet rising bandwidth needs, the 
company has extended the 302 ar- 
chitecture to a full 32 bits of proc- 
essing (a more powerful CPU). 
Running with a 25-MHz clock, the 
68360 Quad Integrated Communica- 
tions Controller (QUICC) can run 
four channels and/or protocols con- 
currently, with data rates up to 
2.048 Mbps/channel. 

Instead of the 68302’s 68000 16-/ 
32-bit CPU, the 68360 relies on the 
CPU32+, a stripped-down 68020 
(less MMU and cache-management 
instructions). At 25 MHz, the CPU 
delivers approximately 4.5 native 
MIPS peak. The company sped up 
internal operations with a 32-bit, 
on-chip intermodule bus. This bus, 
a variation of the 688xx family bus, 
serves as the on-chip system bus, 
as well as a mechanism for integrat- 
ing new modules onto the chip. 

The 68360 uses the same basic mi- 
croprogrammed communications 
processor as the 68302 to process 
data on to and off of the serial I/O 
lines. And, like the 68302, the 68360 
relies on dual-ported RAM to move 
data between the CPU32+ and the 
communications controller. How- 
ever, the 68360’s static RAM 
(SRAM) is 2.5 kbytes, compared 
with the 68302’s 1152 bytes. 

The 68360 also features four 
SCCs (serial communication chan- 
nels), each of which can automati- 
cally handle (with the communica- 
tions processor) eight standard 


communications protocols. Addi- 
tionally, the wP has four general- 
purpose, 16-bit timers (you can cas- 
cade two to a 32-bit timer), two 
IDMA (independent DMA) chan- 
nels for high speed, 32-bit data 
transfers, buffer chaining, and inde- 
pendent request/acknowledge logic. 
Each SCC can handle multiple 
protocols through a combination of 
dedicated hardware and micropro- 
gram support. The built-in commu- 
nications protocols are HDLC/ 
SDLC, HDLC bus, UART, Bi- 
Synch, Signaling System 7, Local- 
Talk, Transparent Mode, and 
Ethernet (68E.N360 on the first se- 
rial channel). Communications 
hardware includes two serial man- 
agement controllers (SMC), a SPI 


MOTOROLA 68360 (QUICC) 


(serial peripheral interface), and an 
optional parallel port. Also, a dedi- 
cated Time-Slot Assigner (TSA) in- 
tegrates the serial channels to the 
single Time-Domain Multiplexed 
(TDM) bus. The TSA makes it easy 
to implement TDM interfaces to T1, 
CEPT, IDL, GCI, ISDN, or Pri- 
mary Rate protocols. The TSA mul- 
tiplexes a channel into or from each 
time division slot. It handles two 
TDM lines simultaneously. 

Also, for the first time, Ethernet 
is built into a 683xx communications 
controller. The 68E.N360, a version 
due in September, implements the 
Ethernet MAC (media access) layer 
in hardware and microcode. Thus, 
with this controller on your mother 
board, you can easily build a bridge 


PROTECTION 1 


CPU32+ 
(68020) 


IMB BUS” 


PERIODIC TIMER ee o 
GENERATION 


DRAM 
CONTROLLER 
AND CHIP 
SELECTS 
SYSTEM 
INTERFACE 


EXTERNAL 
BU 
INTERFACE 


COMMUNICATIONS PROCESSOR 


RISC 
CONTROLLER 


14 — 
DMA 


2.5kBYTE 
DUAL-PORTED 
SRAM 
INTERRUPT 
CONTROLLER 
SEVEN SERIAL TIME-SLOT 
CHANNELS ASSIGNER 





FOUR 
GENERAL 
PURPOSE 

TIMERS 


Built around a 68020, the 68360 can simultaneously process four complex communications 
protocols. It features dedicated communications hardware, including a microprogrammed 


processor. 
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between a WAN and a local Ether- 
net LAN on any desktop. 

For more processing power, you 
can run the 68360 slaved to a 68040. 
In Slave Mode, the 68360’s proces- 
sor is locked up, and the chip func- 
tions as a peripheral chip to the ex- 
ternal processor. If the processor 
is sufficient, but you need more 
channels, you can slave one 68360 
to another. 

Additionally, the 68360 requires 
a minimum of support logic. You 
can just add memory and start the 
68360 running. An on-chip memory 
controller interfaces to SRAM, 
DRAM, Flash, and EEPROM. The 
68360 handles up to eight memory 
banks, with up to 15 programmable 
wait states. 

For evaluation and debugging 
code, Motorola supplies a QUICC 
Application Development System 
(QUADS), which includes a board 
with a 68360 for evaluation. You can 
also use it as a low-cost ICE by 
plugging it into a target board and 
relying on the 68360’s background 
debug mode for control. QUADS 
costs $1995.—Ray Weiss 

Motorola Inc, Microprocessor 
and Memory Technologies Group, 
6501 William Canon Dr W, Austin, 
TX 78735. Phone (512) 891-2000. 

Circle No. 393 


Motorola 683xx 


communications contralior : 
— @ 25-MHz clock 
| @ CPU32+ (68020 core) 
@ Microprogrammed communication 
CPU 
e 2.5-kbyte dual-ported SRAM 
e@ 32-bit IMB internal-chip bus 
@ Glueless memory interface, memory 
controller—-SRAM, DRAM, EEPROM 
e@ External bus: dynamic sizing (8, 16, 
32 bits); 28- to 32-bit address 
@ On-chip hardware breakpoints 
e 4SCCs 
e 7 external interrupts 
@ 240-lead PQFP, PGA 
@ $49.90 (10,000) sample qty 
e Ethernet, $59.90 (10,000) 
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24-bit DSP chip 
drops power to 
165 mW at 40 MHz 


Me designers equate DSP 
chips with high-throughput, 
math-oriented processing, but not 
low-power operation. Not true. As 
DSP wPs move into mainstream 
embedded processing, they’re tak- 
ing on many properties of the mi- 
crocontrollers they’re competing 
with. Motorola’s 24-bit 56002 DSP 
family is easing down the power- 
dissipation curve: The 3V 
DSP56L002 dissipates 165 mW 
(typ) while running at 40 MHz. 
The DSP56002/1 24-bit processor 
family fills the gap between low-end 


Motorola DSP56L002 
24-bit DSP »P- 
~@ 40-MHz clock (static); programmable 
PLL, 10 kHz to 40 MHz 
@ 24-bit ALU fed by internal data paths; 
2 56-bit accumulators 
@ 3-stage pipeline, 50-nsec/stage 
| @ 3data RAMs (256, 256, and 512 24-bit 
words) 
2 256-word, 24-bit program ROMs 
External bus: 24-bit addr, 16-bit data 
On-chip emulation-support circuitry 
3 external interrupts 
3.3V, 165 mW (typ) 
e $47 (1000) in 132-pin plastic QFP. 


16-bit DSP chips and the faster, 
more expensive 32-bit DSP pPs. 
Twenty-four bits provide a large 
data word for digital audio, tele- 
communications, and consumer ap- 
plications. Like most DSP chips, 
the 56002/1 is pipelined and delivers 
apparent single-cycle execution for 
most instructions. Its peak perfor- 
mance approaches 25 native MIPS. 
The low-power DSP56L002 is 
fully pin and instruction compatible 
with earlier 56001/2 DSP chips. Mo- 
torola engineers reworked the chip 
only to reduce power. The new chip 
is fully static and entirely CMOS, 





unlike earlier family members. In 
addition, peripherals—including 
memories—that the chip does not 
use or address are switched off to 
save additional power. 

Because the DSP56L002 is a 
static chip, you can put it to sleep 
and then stop the clock entirely to 
really cut power. The on-chip PLL 
lets you adjust the clock rate to run 
no faster than needed for a given 
application. The PLL’s 12-bit di- 
vider lets you select a clock rate 
from 10 kHz to 40 MHz. 

A classic DSP architecture, the 
DSP56L002 has automatic hard- 
ware loop control, two data-address 
generators, and multiple internal 
address and data buses for high- 
speed, parallel operations. The ex- 
ternal interface comprises a 16-bit 
data bus and 24-bit address bus. 
The three separate address spaces 
(X data, Y data, and P program) 
let you fetch the’next instruction, 
retrieve the next X and Y parame- 
ters, and execute the instruction all 
within the 3-stage pipeline. 

—Ray Weiss 

Motorola Inc, Microprocessor 
and Memory Technologies Group, 
6501 William Cannon Dr W, Aus- 
tun, TX 78735. Phone (512) 891- 
2030. Fax (512) 891-8874. 

Circle No. 396 


TMS370C 8-bit uC 
moves up to 32 kbytes 
of ROM/EPROM 


Tos 8-bit wCs can take on 
more and more work. Yester- 
year’s 4- and 8-kbyte memory sizes 
are no longer large enough for to- 
day’s more complex applications. 
Now, TI’s TMS370C series 8-bit 
wCs can handle applications that 
need up to 32 kbytes of on-chip pro- 
eram memory. 

The TMS370 family of 8-bit Cs 


nn 


‘TAR Semiconductor, the STAR LOGO, SPROC, SPROClab, and “Sketch a : 
-alize” are trademarks of STAR Semiconductor Corp. 


SIGNAL PROCESSING. GRIZZLY? 


Designing a signal processing system can 


be a bear of a problem—immense, mean, and 


unforgiving. Engineers grappling with con- 
ventional analog or digital technologies face 
risk and unpredictability at every turn, with 
no guarantee of success. Designers invest 
months of development time in a brutal 
design process that’s as lengthy as it is frus- 
trating. Productivity and time to market are 
devoured in the struggle! 


SPROC Technology 
Tames The Task 


At the core of STAR Semiconductor's 
unique signal processing solution is the 
SPROC™ chip, the first-ever programmable 
signal processor using the “Sketch and 
Realize”™ design approach. With a single 
SPROC chip and a SPROClab development 
system, signal processing becomes a tame 
task. 

Why wrestle with circuit breadboards 
crawling with sensitive analog components? 
Or agonize over line after line of assembly 
code? One SPROC chip integrates the func- 
tionality of hundreds of analog and passive 
components to cut system costs. And 
SPROClab employs system-level graphical 
programming so you can capture designs as 


signal flow block diagrams. You gain all the 


benefits g of a digital solution— 
without writing 


software! 











Stop laboring with trial-and-error debug With SPROC technology, engineers focus 
methods, cumbersome logic analyzers, or on designing to create better products in less 
software simulators to debug a design! time. 

Engineers using SPROC technology down- If you can't bear to see your productivity 
load designs directly onto actual silicon and mauled by the problems of signal processing 
interactively debug systems as they execute design, call STAR Semiconductor at 

in real time! Using the SPROC chip’s unique = 908/647-9400. We'll send you a brochure 
built-in probe feature, you can easily modify and demo disk telling how to tame your next 
design specifications signal processing project. 

to tune system per- 
formance during 
execution. 


STAR Semiconductor Corporation 
25 Independence Boulevard, Warren, NJ 07059 
Telephone: (908) 647-9400 FAX: (908) 647-4755 








SPROC Users Slash Development Time 
PREVIOUS 


PREVIOUS 
APPLICATION TECHNOLOGY | DEV. CYCLE 


Closed-loop vibration controller 


tTotal system savings including project overhead, engineering resource, and system hardware costs. 
*Estimated savings in engineering resource based on cost of $10,000 per man month. 
































SEMICONDUCTOR 
The Signal Processing Company 
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is designed for low-end and automo- 
tive applications. The TMS370Cx58 
controller combines 32 kbytes of 
ROM/EPROM with 1 kbyte of 
static RAM (SRAM) and 256 bytes 
of EEPROM. 

The TMS370 8-bit wC family has 
a surprisingly full set of peripher- 
als, including an A/D converter, a 
watchdog timer, a serial communi- 
cations interface (SCI), a serial pe- 
ripheral interface (SPI), and com- 
plex timers.—Ray Weiss 

Texas Instruments Inc, Semicon- 
ductor Group, Box 809066, Dallas, 
TX 753880. Phone (800) 336-5236, 
ext 3990. Circle No. 397 


INT, INT. INT; 


OSCILLATOR SYSTEM 
INTERRUPTS aloee CONTROL 


CPU 1-kKBYTE 
RAM 


32-kKBYTE 


PROGRAM MEMORY 256-BYTE 


DATA EEPROM 


(ROM OR EPROM) 


The Texas Instruments’ TMS370 8-bit jC has a register-oriented architecture with 256 
registers held in RAM. The jC handles register-to-register operations and has 14 


addressing options. 
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SS INTERFACE 


TMS370Cx58 8-bit wC 


@ 2- to 20-MHz clock 


(internal div-by-4) 
256 registers in RAM 


32-kbyte ROM/EPROM, 1-kbyte 


SRAM 


256-byte data EEPROM 


55 I/O pins 


24-bit watchdog timer 
2 16-bit timers with 4 compare. 
registers or PWM outputs 


8-channel, 8-bit ADC 
SCi, SPI 

3 external interrupts 
In 68-lead PLCC, $10 
year) 


: A/D 
CONVERTER 


SERIAL 


SERIAL 
PERIPHERAL 


TIMER 2 


(25,000 qty/ 
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EDN-PROCESSOR UPDATE 


Drive an 8-bit 
PIC wC with Basic 


I: youre performing simple con- 
trol functions, you don’t have to 
use the hard-to-maintain assembly 
language to run pC applications. 
Believe it or not, many engineers 
use Basic to drive 8051s and 
68HC11s, and also the low-cost Mi- 
crochip Technologies’ PIC pC. Now 
from Parallax comes Basic Stamp— 
a packaged Basic development and 
prototyping system that includes 
the PIC wC with Basic in ROM. 

The Basic Stamp development 
package consists of 
® Software—a Basic editor, token- 

izer, and downloader that run on 

a PC; 

e@ A 1x2-in. prototyping board—a 
processor, a 256-kbyte serial 
EEPROM to hold the Basic to- 
kens, a prototyping area, and a 
power supply; 

@ A wC—the 8-bit Basic PIC16C56, 
running at 4 MHz with the Basic 
token interpreter in OTP (one- 
time-programmable) EPROM. 
Eight I/O pins are available for 
application I/O. 

When Parallax designers inte- 
erated Basic with the PIC wC, they 
placed the Basic token interpreter 
in fixed, on-chip program memory. 
The development software, how- 
ever, converts the Basic program 
into tokens and downloads the pro- 
eram into a serial EEPROM on the 
Basic Stamp board, rather than 
placing it in on-chip memory. The 
CPU executes the program by read- 
ing the tokens from the EEPROM. 

The serial EEPROM holds 
roughly 80 to 120 Basic instructions; 
it can also hold application parame- 
ters. The Basic Stamp CPU exe- 
cutes about 2000 Basic instructions 
per second, which is adequate for 
a range of low-level applications. 

The system uses a subset of Basic 
that Parallax has extended for real- 
time control. The operations include 








In-Circuit EMULATORS and BACKGROUND Debuggers 





Pull down Menus 


Disassembler, 
in-line 
assembler 
Window 


Shadow RAM 
shows data 
hanges in real- 
ime. This data 
can be trans- 
yorted to other 
Windows 
programs 
through DDE. 
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Window 
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Microsoft Windows 3.X based user interface 
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Trace Buffer Window 





CIRCLE NO. 101 


On-line help 


Source 
Window 


Data 
Window 


for High Level 
variables 


value to s({struct . KATHY *C3E ) 
toggle case(char *C3E ) 
maint) 


C Call Stack 






051_ 68HCI 
Full support for all derivatives. 
ee EE OU ee 





To learn more, please call (408) 866-1820 for a FREE 
Demo Disk. Or call our 24-hour Information Center at 
(408) 378-2912 for information via your fax. 


RPORATION 






51 E. Campbell Avenue 
Campbell, CA 95008 
Tel (408) 866-1820 

Fax (408) 378-7869 





CO 


Australia (02) 654 1873, Austria 0277 20-0, Benelux (01858) 16133, Brazil (011)-458-8755, Canada 1-514 
689-5889, Czechoslovakia 0202-2683, Denmark 43 44 60 10, Finland 90-4526-21, France (1) 69 41 
28 01, Germany 08131-25083, Great Britain 0962-733140, Greece (01) 862 9901, Hungary (1) 163 7461, 
India (0212) 422164, Israel (03) 491202, Italy (011) 771 00 10, Korea (032) 860-5470, New Zealand 
09-3092464, Norway 02-67 40 20, Portugal 01-80 95 18, Romania 961-30078, Singapore +65 749-0870, 
Slovenia 061-445-526, S. Africa (021) 23-4943, Spain (93) 217 23 40, Sweden 040-92 24 25, Switzerland 
01-740 41 05, Taiwan 02 7640215, Thailand (02) 281-9596. 
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Parallax Basic Stamp 
(PIC16C56) 


e Development package includes soft- 
_ware, prototyping board, and 
PIC16C56 with Basic in ROM. Soft- _ 
ware runs on IBM PC/XT/AT, DOS 


2.0+. $139 

@ Basic Stamp board includes 1C, 
EEPROM and power supply. Powered - 
by 5 to 12V dc (or 9V battery), 
2 mA (typ). $39 

e Basic ROMed PIC16C56, $6 (500) 





outputting a PWM signal, reading 
a potentiometer, inputting or out- 
putting a serial I/O data stream, 
performing digital output or input, 
reading EEPROM, pausing, con- 
trolling power (NAP, SLEEP, 
END), and sending variables to the 
PC for debugging. —Ray Weiss 

Parallax Inc, 6359 Auburn Blvd, 
Suite C, Citrus Heights, CA 95621. | 
Phone (916) 721-8217. Fax (916) Using Basic to run an 8-bit PIC «xC, you can monitor push buttons, potentiometers, and 
721-1905. Circle No. 398 1/0 pins. You can also drive audio, PWM, serial, digital |/O-pin outputs. 
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IF YOU WANT A PIECE OF THE CD PIE, TALK TO 


THE COMPANY WITH ALL THE KEY INGREDIENTS. 








Only Philips 
delivers: © low 
maintenance radia- 
linear assemblies for | 
reliability and tracking accuracy * 3-beam 
holographic transports featuring a low mass, 
low power actuator ® 2X transfer rates © fast 


The key to cooking 
up great Compact 
Disc systems is starting 
with great CD products. 
Philips, the inventor of CD 
technology, offers the key 
modules you need to design 
































and manufacture your own CD ROM, CD access times ® Photo CD, MPC compliance. 
Recorder, CD Games and CD Audio products. ee lt 
Fi coe Oe Get your just desserts. Call today to learn how 
roles org compe eae of me oe partner with Philips to get your piece of 
mechanisms and related system ICs, plus a well- e CD pie. 
defined device interface and ongoing customer yh a PHILIPS Dp rf F LI DS 
support. This flexibility provides the total freedom ays aaah ee f 
you need to create the optimized solution for your ls Time 
multimedia application. cD AUDIO 
800.995 -737 3 
fe 0 ANE pao Mie ts Aaah. RASS eee « mae @ alee © Go 5 Gavi Ine aS acne Gs Roe ee 
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National 


Semiconductor 












SIMPLE SWITCHER™ POWER CONVERTER 


Hook it up. 
Check it out. 





OUR NEWEST SIMPLE SWITCHER POWER CONVERTER DELIVERS 500mA. 


The LM2574 lets you design All in less than five minutes. Power Converter family. 





an efficient DC-to-DC converter— For about a quarter the cost of So pick up the phone and 
with guaranteed system perform- = a DC-to-DC module. dial 1-800-NAT-SEMI, Ext. 215. 
ance — using just four external, Now you can get a complete Because when it 
off-the-shelf components. design kit (including a demo comes to switchers 
SET URES board) with one simple it doesn’t get any 
phone call. simpler than this. 





we Guaranteed 500mA output = Guaranteed system , 
current performance We'll even include 


m 3.3V, 5V, 12V, 15V and bad A ae se sses in “Switchers Made Simple; 


adjustable versions = Thermal shutdown and our free design software A Na tional 
= Input voltage range up to 40V _current limit protection you can use with National’s Semiconductor 


up to 60V for HV version @ |n 8-pin DIP and 14-pin SO 
( é : : entir e SIMP LE SWITCHER SIMPLE SWITCHER is a trademark of National Semiconductor Corporation. 








NORTH AMERICA: PO. Box 7643, Mt. Prospect IL 60056-7643 (Tel: 1 800 628 7364, ext. 215; Fax: 1 800 888 5113); EUROPE: Industriestra8e 10, D-8080 Fiirstenfeldbruck, Germany 
(Tel: 49 8141 103 0; Fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd., Tsimshatsui, Hong Kong (Tel: 852 737 1654; Fax: 852 736 9921); 
JAPAN: Sanseido Building 5E 4-15-3, Nishi shinjuku, Shinjuku-ku, Tokyo, Japan 160 (Tel: 81 3 3299 7001; Fax: 81 3 3299 7000). ©1992 National Semiconductor Corporation. 
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Multilevel 











modeling 


John C Napier, Technical Editor, 
with Julie Anne Schofield, Senior Associate Editor 


Capitalism collides wilh engineering when you ask semiconductor vendors 
for detailed simulation models of complex standard cells or cores. Beyond 
issues of model accuracy and speed, intellectual-property concerns and 
~ the lack of —— model formats will force you to mix gate- and —— 

_ level models to simulate complex ASICs. 


You can’t put a complex microprocessor on today’s 
typical 20,000-gate ASIC. But as gate counts rise into ~ 
the hundreds of thousands this year, you'll soon be 
able to use complex LSI (large-scale ee Jeg : 
tions as the core of your designs. 

Like most ASIC designers, you pony rely on 
- gate-level design and simulation to verify functions and 
timing. But you'll hit a brick wall when you ask for — 
gate-level models of complex parts. By giving you such 
a model, a part maker would also be giving you the 
ability to clone the part (see box, “The risks of creating 
models”). Instead, you'll get a higher-level model, 
which will eliminate the option of Tat Onine your whole 
design to the gate level for simulation. | 





Microprocessor oka ‘don't want to give away the jon, so 
you'll have to mix their high-level models with gate-level models 
to simulate complex ASICs. piss ~~ Logic Modeling Inc) 
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Multilevel ASIC modeling 


Unfortunately, there are no standards for passing tim- 
ing and function information between gate- and higher- 
level models (see box, “VITAL team pursues VHDL 
timing standards”). Until standards emerge, you'll 
have these options for modeling complex ASICs: You 
can use the available high-level models; you can use a 
hardware modeler to connect existing ICs to a simula- 
tion of your new peripheral and application-specific cir- 
cuitry; or you can reuse your own designs as cores. 

Hardware description languages such as VHDL 
(VHSIC HDL) and Verilog serve as the most common 
vehicles for describing and modeling multilevel designs. 
One common approach for using the available models 


is to run nonsynthesizable behavioral VHDL models 
with gate-synthesizable peripheral models. You link 
the binary files supplied by the part maker with your 
design’s binary files compiled from your source code. 
Part makers block the use of logic synthesis as a 
reverse-engineering tool by distributing only object 
code and bus-functional behavioral models. Bus- 
functional models mimic only bus activity (read-write 
cycles) for a processor, and so run faster than behav- 
ioral models that handle all instructions and processor 
I/O. (It’s rare to find a full-function model for complex 
microprocessors because the work involved in writing 
such a model is comparable to that of designing the 


The risks of creating models 


No matter who employs them, _ Beyond the possibility that you'll © 


model writers generally don't get 
access to information that could let 
others reverse-engineer the chip. In 
an ideal world, the chip designer 
would write the model. In practice, 
several layers of information laun- 
dering separate the model writer 
from the hardware design team. 
From the part maker’s point of view, 
a model should reveal no more of 
a design than what shows up in 
data books. 

A short definition of a complete 
and accurate model is that it repre- 
sents all hardware registers by a 
model variable and includes full tim- 
ing information. However, many 


storage-element models don't 


model timing. Thus, the more incom- 
pletely modeled storage registers 
you have in your design, the more 
accuracy problems you'll have. 
Parts that present the greatest mod- 
eling challenges include high-speed 
pipelined microprocessors and 


asynchronous logic such as disk- | 


drive and SCSI controllers. 

Because all storage elements 
consist of groups of gates, a gate- 
level model that includes timing is 
completely accurate. That’s great 
for you as a designer—you can 
use the detailed functional informa- 
tion a gate-level model provides to 
extract greater speed and perform- 
ance from a part. But that’s bad 
for the part maker. 
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clone the part, the part maker ac- 
quires greater liability by releasing 


gate-level models and can inadver- 


tently reveal future strategies for 
part development. For example, 
one company reports building a 
model for a disk driver from the 
hardware schematics. Simulations 
showed that the driver's maximum 
speed was twice the speed rating 


_ that its manufacturer published. 


Because model accuracy and 
confidentiality hinges on how stor- 
age elements are represented, 
higher-level models can still pose 
a security risk to the part maker. 
Even behavioral models can dis- 
close proprietary design informa- 
tion. Synthesis tools can automati- 


cally generate at least partial gate- — 


level designs from behavioral mod- 
els, says Bill vanCleemput, presi- 
dent of the Delos Research Group 
(Mountain View, CA), a company 
that specializes in intellectual- 


property work. Also—contrary to 


popular belief —VHDL can model at 
the gate level and handle hardware 
timing. It’s entirely possible to make 
a VHDL model complete and accu- 
rate enough to reveal proprietary 
information. 

Part makers usually restrict pro- 
prietary information by releasing 
only compiled, or object, code for 
complex models. The modeling 
team constructs the model to con- 


form to data-book specifications, 
and the manufacturer does not re- 
lease the model’s source code. 

_Logic Modeling Inc’s recent re- 
lease of its VHDL Sourcemodel Li- 
braries gives an example of the di- 
viding line between proprietary and 
nonproprietary information. The li- 
brary includes VHDL source code 
for 600 SSI and MSI parts and 
1400 simple memory devices but 
has no source code for LSI parts. 
The company released its Smart- 
model Library only in object code. 
This library contains models for 
6500 components including micro- 
processors, FPGAs, DSP ywPs, and 
complex VLSI parts from leading 
semiconductor manufacturers. 

In addition to the gate-level de- 
sign, models can give away timing 
information. Foundries try to keep 
equations for timing calculations in- 
house because accurate equations 
reveal the strengths and weakness 
of a silicon process. If you push tim- 
ing limits by using incomplete infor- 
mation, you may cause timing prob- 
lems in your circuit. The accuracy 


limits of complex-part models often 


show up when an advanced user 
uncovers a problem by pushing a 
model’s published limits. Foundries 
do help large-volume customers 
with such problems by giving them 
the information they need—as long 
as the customer agrees to sign a 
nondisclosure agreement. | 
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chip itself. See EDN’s Hands-On VHDL Project “Se- 
crets of the Lost Architecture,” which began in the 
January 7, 1993, issue.) 

An example of currently available models for core- 
based design is LSI Logic’s Coreware program for its 
500,000-gate technology. The models include SPARC 
and Mips microprocessors, the MIL-standard 1750A 
CPU and IEEE-754-compliant FPUs, several ALUs 
and multipliers, and JPEG and MPEG chips. The com- 
pany doesn’t provide gate-level models. Instead, it 
makes fast C-language models that are functionally 
and timing equivalent to gate-level models. A C shell 
plugs these models into source code running on VHDL 
simulators from Vantage Analysis Systems and Syn- 
opsys as well as Verilog simulators from Vantage and 
Chronology Corp. You get only the compiled-code 
forms of these models. 

The models Synopsys makes available for its VHDL 


System Simulator are another example of current prac-. 


tices. Under one of many agreements that Synopsys 





VHDL SYSTEM SIMULATION ~ 


VHDL 
SOURCE-CODE 
MODELS 


Cc 
SOURCE-AND 
OBJECT-CODE 

MODELS 


: VHDL 
OBJECT-CODE 
MODELS 


REGISTER 
TRANSFER 
LEVEL (RTL) 


VHDL HARDWARE- HARDWARE 
ACCELERATOR LIBRARIES MODELERS 


The modeling levels used in VHDL system simulation span the full 
range of design abstraction. VHDL source models are available for 
SSI and MSI components. VHDL object models are sometimes avail- 
able for LSI components, but they usually model only bus activity 
rather than all 1/0. Hardware modelers are tools that interface 
working silicon with software simulators. Hardware-accelerator 
libraries group VHDL primitives to speed simulations. And the C 
language links VHDL simulators to user-built models and models 
for proprietary EDA toolsets. 


REGISTER | GATE] 
TRANSFER | LEVEL 
LEVEL (RTL) 


VITAL team pursues VHDL timing standards 


At last year’s Design Automation 
~ Conference, Cadence Design Sys- 
tems Inc initiated VITAL—the VHDL 
Initiative Toward ASIC Libraries. The 
group's goal is to create uniform 
formats for gate-level timing in 
VHDL. Such a standard would re- 
place the dozens of approaches 
now used by semiconductor and 
EDA-tool vendors. Steve Schulz, 
North American coordinator for VI- 
TAL, says the effort now involves 
40 companies worldwide repre- 
senting a broad cross section of 
semiconductor vendors, EDA-tool 
suppliers, and ASIC designers. 

The problem with VHDL is that the 
language isn’t efficient at express- 
ing pin-to-pin delays and perform- 
ing setup and hold checks, says 

_ Stephen Caplow, director of mar- 
keting for VHDL at Cadence. The 

_ language’s designers sought inde- 
pendence from specific silicon tech- 
nologies, so they didn’t define 
VHDL's timing primitives in such a 
way that they would map efficiently 
to a layout. . 
_ VHDL can represent any gate as 
text, thus making a large ASIC look 
like thousands of primitives. Each 


primitive generates a software 


process in VHDL, which consumes 
host-machine resources and makes 
simulations run slowly. VHDL accel- 


erators—whether hardware or > 


software—recognize a predefined 
set of primitives above the gate 
level. In other words, accelerators 
group gates together and run them 
as one process. Verilog includes 
such timing primitives, which gives 
it advantages over VHDL in gate- 
level simulation, timing checks, and 
carrying logical design to layout. 
To standardize VHDL gate-level 
timing, VITAL plans to use the IEEE 
1164 standard for defining signal 
strength and is considering using 


-Cadence’s Standard Delay File 


(SDF) format for timing information. 
Multiple tools, such as those for 
static timing and synthesis, could 
read an SDF. Existing foundry tools 
for calculating timing delays could 
store their results in the SDF. VHDL 
simulators could access this timing 
information during linking, or 
‘‘elaboration.”’ 

_ Although VITAL’s work began 
with gate-level timing, the group is 
also proposing a standard VHDL 


description for megafunction cells. 
Such a standard would make timing 
semantics portable across toolsets. 
Whether this proposal blossoms 
into a full treatment of multilevel- 
modeling issues remains to be seen. _ 
Fred Cohen, director of the ASIC 
vendor group at Mentor Graphics 
(Beaverton, OR), suggests that busi- 
ness issues outweigh technology is- 
sues when it comes to developing 
standards for ASIC multilevel mod- 
eling. But he encourages VITAL and 
VHDL International to accept the 
challenge, even though it’s some- 
what beyond the charter of either 
organization. 


VITAL 

Steve Schulz 

North American Coordinator 
Texas Instruments 
Automation Systems Div 

Box 869305, MS 8420 
Plano, TX 75086 

(214) 575-2720 

FAX (214) 575-6807 


Circle No. 301 


VHDL International Inc 
407 Chester St 

Menlo Park, CA 94025 
(800) 554-2550 

(415) 329-0578 

FAX (415) 324-3150 
Circle No. 302 
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Multilevel ASIC modeling 


has with ASIC manufacturers, Texas Instruments’ therefore require you to use hardware modelers to 
makes available to Synopsys four types of models for connect the parts to software simulations. An example 
the TMS320 line of DSP wPs: a fast functional model ofa hardware modeler is the LM-1200 from Logic Mod- 
for design validation; one that’s timing accurate for  eling Inc. The product includes a blank cardrack, pat- 
cycle boundaries; a third for signoff by TI for building tern memory, and software to interface parts to work- 
silicon; and the fourth, a synthesis timing shell that station-based simulators. You purchase cards and some 
uses a subset of the signoff model with additions that peripheral circuitry to hold your part, and you write 
cover drive-signal strength. The Synopsis simulator some driver code to interface your part to the modeler. 
lets you view simulations as traditional low-level wave- The pattern memory saves data required to let the 
forms or as higher-level information. The higher-level part run at speed and yet interface to the much slower 
simulations give you the information in the part data software simulator. 
book, including instruction-level data and register and If you want to build your own inventory of 
pipeline contents. core models by reusing your previous work, look in- 
The hardware modeler is another aid to simulating to Synopsys’ Designware. The toolset provides struc- 
systems before standards emerge for multilevel model- tured methods for managing designs. The methods 
ing. Combined with SSI and MSI (small- and medium- help you organize libraries of your own work and 
scale integration) models in source code and LSI mod-_ can compile reports on design characteristics. A com- 
els in object code, the hardware modeler lets you simu-__ panion product, Synthetic Designs, consists of synthe- 
late boards or systems. The tool lets complex parts. sis and simulation models for advanced MSI logic, 
run at close to full hardware speeds within the much math, and sequential-processing designs in VHDL 
slower software simulation of a complete system. or Verilog. The combination of tools lets you focus 
Some complex [Cs can’t run in single-step mode, and_ on such issues as throughput and latency of an FIR 





The burden of compensating for lack of VHDL timing information for multilevel modeling falls mostly on semiconductor vendors, as this 
synthesis-based VHDL design flow from Texas Instruments’ Military Products Div shows. (Rectangular blocks show libraries and models; 
pointed blocks show tools.) The flowchart includes three Tl-written libraries: a synthesis library that maps ASIC design components via 
a VHDL netlist to Tl-specific gate; a second library passes the gates’ timing characteristics to the VHDL simulator; and a third provides 
timing information for other primitives for hardware acceleration. A TI tool that generates models for RAM directly translates behavioral 
information into timing-capable simulation models. 


78 = EDN April 29, 1993 


"We chose HSPICE and Cadence to develop 
our very high performance SRAM products 
because it's a proven combination. With 
HSPICE, we get the accuracy and strong tech- 
nical support that we need, and Cadence has 
the most flexibility of any open software CAD 
tool. A lot of people in the IC industry are 
using this combination because it works!" 

Nearly three years ago, when Sony estab- 
lished its semiconductor design and R&D cen- 
ter in San Jose, the company chose HSPICE to 
work within their Cadence environment 
because HSPICE is the simulator of choice in 
the industry. No matter which 


Cadence framework you're 


using, Meta's six interfaces offer ot yD) = N CE U Ss E R S 

users a complete Cadence con- 

nection for circuit simulation. KN OW A creole) B TH I N G 
And, HSPICE can also be used WHEN THEY SRE IT. 

as a stand-alone product. With 

a full range of advanced analy- 

sis capabilities, HSPICE and Cadence make a 

winning design combination. If you're a 


Cadence user, call Meta to find out how well 


HSPICE and Cadence work together. 


Call today for an evaluation. 


(800) 346-5953, ext. A4 


Sesion @hroninernmucuriial 


Sony Microelectronics 


META-SOFTWARE 


CIRCLE NO. 46 








Multilevel ASIC modeling 


filter rather than designing the multiplier/adder for it. 

Calls to semiconductor vendors revealed this general 
rule: More and better models become available the 
tighter you lock your design into a particular fab. Texas 
Instruments doesn’t supply VHDL behavioral models. 
The company regards such models as its customer’s 
responsibility, per Claude Huffer, military ASIC de- 
sign engineering manager, and Dan Jensen, ASIC stra- 
tegic marketing manager. The company does offer 
VHDL models for gate-level primitives and has the 
relationship with Synopsys Corp that facilitates core- 
based design with the TMS320 line. 

Motorola made an MC68000 core model available last 
year for gate arrays. The Verilog model is proprietary, 
and Motorola judged the language’s encryption tech- 
niques as too weak to protect the company’s intellectual 
property. Motorola therefore teamed with a third party 
to make a C model for simulators. The Verilog C model 
comes in Verilog object format. It models function only; 
a Verilog “wrapper” file provides timing information. 
The 68000 model is not synthesizable, so you can’t 
reduce an entire design to the gate level. The company 
has an effort underway to produce models for other 
parts in this family, but so far only the MC68000 core 
model is available.. 

VLSI Technology offers core models for the Z80, 
the ARM RISC processor 600 series, and a fuzzy-logic 
processor. The semiconductor vendor also has an 
agreement with Intel to supply 80386 microprocessor 
core models. You’re required to make royalty pay- 
ments to use any of these models. 
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Lastly, Fujitsu Microelectronics is looking into core- 
based design and expects in 12 to 18 months to have 
models available for some SPARC cores, SCSI control- 
lers, and RAM and data-communications parts. The 
models will remain Fujitsu’s intellectual property for 
use of its customers only, so you will not be legally 
able to take a netlist to make silicon at another fab. 

A common industry belief is that models will eventu- 
ally become a byproduct of hardware development. 
That’s unlikely to happen for two reasons. First, the 
part maker needs to protect design ownership and limit 
liability. Second, making models is labor-intensive soft- 
ware-development work and represents overhead to 
the main business of making chips. 

You also can’t count on the aging of patents to put 
complex parts in the public domain anytime soon. Pat- 
ents last for 17 years, and trade secrets last as long 
as a company protects them. Models are readily avail- 
able for MSI parts because many of these parts are 
so simple that they’re not patentable. Others have been 
around so long that they’re in the public domain. To- 
day’s complex LSI parts will probably become tech- 
nically obsolete long before their 17 years are up. G2 


References 


1. VHDL Design Guide, Cadence Design Systems Ine, 1992. 
2. Handbook of Hardware Modeling, Logic Modeling Inc, 
1991. 


Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 


Manufacturers ak si cadation ieee an a” 


For more information from suppliers ok tools and models sueh as Wee nonioned: in this stele, circle the appropriate ‘numbers 
on the Information Retrieval Service card or use EDN’s Express Request service. When = contact ee of UE ens 
manufacturers directly, please let them know vee read about Heir kee in 1 EDN. . _ 


- Vantage Analysis 
_ Systems Inc 
42808 Christy St, Suite 200 
Fremont, CA 94538 
(510) 659-0901 
(FAX 659-0129 
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ICs provide control 





for sensorless dc motors 


Dave Peters and Jeff Harth, Silicon Systems Inc 


The need for low-cost, highly reliable, mini- 
ature, brushless dc motors has given rise to a 
new class of devices—sensorless dc motors. 
These motors eliminate the need for Hall-effect 
sensors, which are currently built into most 
brushless dc motors for control purposes. 


As de motors get smaller, there is less space for the 
Hall-effect sensors you normally use for motor control. 
As a result, miniature sensorless motors are becoming 
common. Eliminating the Hall-effect sensors removes 
the need for sensor-control signals, reduces the size 
of the connector, and eliminates connections. Hall- 
effect sensors are also sensitive to temperature vari- 
ation, RFI, and other types of noise commonly experi- 
enced in motor applications. All of these factors reduce 
motor reliability. Finally, Hall-effect sensors increase 
motor cost and make the motors larger. As a result, 
the motors consume power—an undesirable trait in 
battery-driven applications. 

While eliminating Hall-effect sensors obviously has 
its advantages, it also has some disadvantages. With- 
out Hall-effect sensors, brushless de motors are some- 
what more difficult to start and control. Fortunately, 
a variety of semiconductor manufacturers now offer 
ICs that are specifically designed to control sensorless 
de motors. These chips monitor the back-EMF the mo- 
tors generate across specific sets of windings and ap- 
propriately adjust the amplitude and polarity of the 
voltages across the motor windings. In this manner, 
the ICs switch the motor from one commutation state 
to the next in a programmed manner, automatically 
setting and regulating the speed. 





In addition to speed control, you should also consider 
the question of motor starting. Starting is a unique 
problem for the sensorless motor, because back-EMF 
exists only when the motor is already turning. For 
start up to occur, the motor must rotate in the proper 
direction and attain a speed that lets back-E MF sens- 
ing begin. Today’s sensorless motor-controller chips 
switch the amplitude and polarity of the voltages across 
the motor windings so that the motor starts turning 
slowly and then accelerates, in a programmed manner, 
to a speed where back-EMF speed control can take 
over. 

If start up always involves identical conditions, you 
can preprogram a single self-start acceleration profile 


3-PHASE 
BRUSHLESS 
DC MOTOR 


: START/RUN 





Fig 1—The speed-controller chips available today provide all the 
timing and control functions necessary to control speed, drive, and 
brake 3-phase, multipole brushless dc motors. 
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for the motor. If the load or other conditions will vary, tion (PWM) techniques and keep the voltage constant. 


start up may require adaptive microprocessor control. PWM-control techniques typically vary the duty cy- 
In this case, the pP will adjust the start profile to cle of the voltage applied to the motor windings to 
begin with the unknown load. control the current in them. PWM control is most ap- 


You can control motor speed by varying the cur- propriate in applications where low power dissipation 
rent in the motor windings. You can vary the current is very important. You vary the current to each wind- 
in a linear fashion by varying the voltage applied ing by switching a power transistor on and off at a 
to the windings, or you can use pulse-width modula-_ variable rate, or at a fixed rate with a variable duty 
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Fig 2—The current-limiting resistor Rceyse is a key component in the sensorless motor-controller circuit. The resistor limits the start 
current to the motor windings and should be chosen to allow a start-up current about 10% higher than what is required. 
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cycle. Unfortunately, PWM-control schemes are more 
difficult to implement than linear schemes. 

For either speed-control method to work, the con- 
troller must receive an index pulse, which indicates 
the start of a motor revolution. There are two ways 
to generate this index pulse. You can use an external 
optical shaft encoder to generate the pulse, or you can 
use the on-board speed controller or an external pP 





412 Vdc 


DIODE OPTIONAL 
FOR BACK-EMF 


BRUSHLESS dc 
MOTOR 


Rsense 


— 
_ 


to flag the start of a motor revolution by counting 
changes in commutation states. A 3-phase motor has 
six commutation states for each pair of poles. Once the 
wP knows how many pairs of poles the motor has, it 
can calculate the number of changes of commutation 
state in one revolution of the motor. It then simply 
counts changes of commutation state for each revolu- 
tion and knows precisely when a new revolution is 
beginning. 

Fig 1 illustrates the basic system for brushless de- 
motor control. This generalized system appears in two 
specific examples—one involves the control of a 12V 
bipolar motor and the second deals with a 24V unipolar 
motor. Both examples use the SSI382M595 sensorless 
motor-speed control chip—a device that contains on- 
board speed control. However, other products on the 
market can do a similar job. 

The bipolar approach has the advantage of providing 
greater torque with the same motor design, while the 
unipolar scheme allows higher rpm, because all the 
voltage develops across a single winding. In addition, 
the unipolar design requires only one power transistor 
per terminal. However, it also requires a voltage di- 
vider circuit at each terminal to bring the voltage to 
the 12V range. 


Solving disk-drive problems 


A disk-drive application using a sensorless motor as 
the spindle motor best typifies the task of 12V bipolar 
motor control. Assume that the drive has four 3’4-in. 
disks and eight read/write heads. The disks rotate at 
3600 rpm (877 rad/sec), and the spindle motor must 
get the disks up to the speed where the heads fly 
within 2 sec. The heads start in contact with the disk 
surfaces, yielding 15g of head load and a friction coeffi- 
cient of about 1. At a speed of 1000 rpm, the heads 
start to fly. : 

Estimating the system inertia is the first step in the 
design. If you assume that motor inertia is small com- 
pared to disk inertia (a valid assumption in most cases), 
then system inertia will be equal to disk inertia. As- 
sume that disk inertia equals 0.0075 oz-in.-sec’ in this 
case. Calculating torque requirements is the next step. 
The acceleration rate (a) necessary to get up to 1000 
rpm (104.7 rad/sec) in 2 sec equals the speed divided 
by the time to reach that speed, or 104.7/2 =52.35 rad/ 
sec’. The torque (T) required to accelerate the inertia 
equals the system inertia (estimated earlier to be 
0.0075 oz-in.-sec*) multiplied by the acceleration rate 
a, or 


T =0.0075 x 52.35 = 0.393 oz-in. 
To overcome the head friction at start-up, you must 
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add an additional torque element, T;. Assuming a 
head-park radius (distance from center of the disk to 
the track location where the heads are parked) of 0.55 
in., then Ty will equal 


(159/28.35)(8)(1)(0.55 in.) = 2.3 oz-in., 


where 15g equals the head load, 28.35 equals the met- 
ric-to-English conversion factor, 8 equals the number 
of heads, 1 equals the coefficient of friction, and 0.55 
equals the head-park radius. The total starting torque 
required is the sum of T and Ty, or 2.69 oz-in. 


Take a worst-case approach 


To calculate the starting current for the motor wind- 
ings, you must first calculate the motor-torque con- 
stant. To reflect worst-case conditions in a 12V system, 
assume a value of 10.8 for the low-line condition. Allow- 
ing 3V for head room to control speed means that the 
motor’s back-EMF should be no more than 7V. Thus, 
the torque constant, Ky, will be 


(7/377)141.6 = 2.63 oz-in./A, 


where 377 equals the disk rotation in rad/sec and 141.6 
is a factor that converts (volt-sec)/rad into oz-in./A. 
This is the probable upper limit to Kp and is meant to 
serve as a first approximation. Dividing the total start- 
ing torque (T + Ty) by the torque constant gives the 
start-up current for the motor windings as 2.69/ 
2.63 =1.02A. 

Fig 2 details the control scheme for the 12V bipolar 
sensorless motor application. Note that the schematic 
includes a current-limiting resistor (Rgpngz) that limits 
the start current to the motor windings. Select a value 
for Rggnsg that allows a start-up current about 10% 
higher than necessary. In this example, the current 
limit is equal to 2.25 (the chip’s internal acceleration 
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voltage) divided by 4Rggngp. If Repngp is equal to 0.50, 
the current limit works out to 1.125A. 

At this point, you can calculate the elements of a 
start-up table. This table is a list of delay times be- 
tween advances to the commutation state counter that 
allow time for the motor to rotate to the location where 
the next advance should occur. For a typical 3-phase, 
8-pole motor, the angle of rotation per state is 


§ = 2m/(3)(8) = 0.262 rad/state. 


The amount of time required to complete a rotation 
of angle @ is either 


(@N-1) ofr Wn Sue aT'y/2)Ty, 


or 
(aTN?*)/2 of On-1) LN a 0 oe 0, 


where Ty is the time to move through an angle of 0 
in a time period of N; wa is the angular velocity at 
the end of the last time period and at the start of the 
N time period; wy is the angular velocity at the end 
of the N time period; and a is the angular acceleration. 

You must now calculate a at the current limit Iy. 
The torque produced equals IyKy, which equals 
1.25A xX 2.63 oz-in./A = 2.96 oz-in. The amount of torque 
available for acceleration is the torque produced at the 
current limit less T,, or 2.96 —2.3+ 0.66 oz-in. The ac- 
celeration rate a equals the torque available for accel- 
eration divided by inertia, or 0.66/0.00785 = 88 rad/sec’. 

You can enter this value of a into the quadratic 
equation for the amount of time to complete a rotation 
of angle 6 and then solve the equation to determine 
time per step. The first step, where the previous veloc- 
ity is zero, is starting the motor from a dead stop. 
When solving the equation for N=1 and 6=0.262 rad/ 
state, 


(88/2)T* + OT — 0.262 =0, 


the time (T) to complete the first step of 6T equals 
0.077 sec, and the instantaneous rotational velocity 
equals 6.79 rad/sec. 


Get a computer 


You can use a simple computer program to run this 
calculation and generate a table. The number of steps in 
the start table must bring the motor above the speed where 
reliable commutation will occur. Then, the start cycle will 
end and self-commutation will take control. Assuming 
that the target speed is 500 rpm, a table for the design 
in Fig 2 will require only about 60 steps (Table 1). 

The next task is to calculate the maximum motor re- 
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sistance, Ry. The total available low-line power-supply 
voltage is impressed across three components—the 
driver transistors, the current-sample resistor, and the 
motor. The motor-terminal voltage is simply the back- 
EMF plus the IR drop across the motor resistance. 
There are two power transistors driving each motor 
winding in a bipolar application. Assume that the volt- 
age drop will be the same across each transistor. 

For a current of 1.125A (the current at start-up), 
the voltage drop across both transistors will be about 
2V. The voltage drop due to motor resistance, Vey, 
equals the low power-supply-voltage level minus the 
back-EMF (which is zero at start) minus the voltage 
drop across the driver transistors less the voltage drop 
across the sense resistor. Thus, Vpy works out to be 
10.8 -—0—2-—(1.125 x 0.5) =8.24V. Since Vpey=I1X Ry, 
Ry will equal 8.24/1.125 = 7320. 

The values for Ky and Ry are a good approximation 
for a design start. Having some values for Ky and Ry 
(two key motor specifications) lets you move on to the 
next step—setting the speed-control compensation. A 
2-MHz system clock sets the internal speed control for 
3600 rpm. External resistors (between the propor- 
tional-error DAC, the integral-error DAC and Vy, and 
the summing resistor from V;y to ground) provide the 
compensation for the speed-control loop. 

You can determine the required values for the gain- 
control resistors needed to complete the speed-control 
compensation design by solving the loop-gain equa- 
tions. The loop-gain control equation is 


LG — (11.6K,K aK 7/ js”) = (0.775K pK,Ky’js), 


where LG is the speed-control loop gain; K, is the 
integral gain set by the external resistor (R;) in the 
network; Kp is the proportional gain set by the external 
resistor (Rp) in the network; K, is the current-control 
transconductance gain = 1/(4Rgpngp) = 0.5 A/V; Ky is the 
motor torque constant =2.63 oz-in/A; J is the iner- 





Fig 3—The compensation for the speed-control loop is done with 
external resistors between the proportional-error DAC, the inte- 
gral-error DAC, and V,, with an additional summing resistor located 
between V,, and ground. 
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tia = 0.0075 oz-in.-sec”; s is the LaPlace Transform fre- 
quency variable, which jw can replace. 

For 45° phase margin when the loop gain equals 1.0, 
the loop-gain in rectangular form is 


—}(0.775 Ky Kp Kp/jo). 


Assume you want a 1-Hz bandwidth, then you must 
solve the above equation when w=27(1 Hz). Solving 
the real and imaginary parts separately for K; and Kp 
yields values of K,;=0.01382 and Kp=0.0327. Fig 3 
shows the network that will produce these gains, 
where Rg=10 kQ), and Rp and R, are the gain control 
resistors: 


Rp= Ro(1 — Ky/Kp) — 1 = 291.6 kO 
and 
R,; = Ro(1 — Kp/K,) — 1 =695 kQ. 
This ends the design process for the circuit in Fig 2. 


Handling unipolar applications 


To illustrate the design process for sensorless motor 
control in unipolar motor applications (Fig 4), consider 
the following design problem. The application here re- 
quires a variable speed control with an external speed 
sensor and controller, using a sensorless de motor. The 
input for the speed control is the transconductance 
input Vy. Load inertia plus motor inertia will be 0.01 
oz-in.-sec*, and speed control is required over a 1000-to 
10,000-rpm range. Speed must be capable of changing 
from the low speed to the high speed in 1 sec. In this 
case, assume that you have negligible friction torque 
or viscous torque to deal with. Also, the motor is a 
3-phase, 4-pole wye-connected motor, with center tap, 
as in the 12V bipolar example. 

To operate in a unipolar fashion at greater than 12V, 
you must develop voltage divider networks for each 
of the motor’s terminals, since the control chip should 
never have more than 15V on any input. In addition, 
you must bypass the motor-controller chip’s internal 
low-rpm switch so that it will not switch motor current 
control away from Vyy to the internal acceleration volt- 
age (2.25V). This circuitry provides full acceleration if 
the speed is very low compared to 3600 rpm (the nomi- 
nal fixed motor speed used in disk-drive applications). 

With a 2-MHz clock and an 8-pole motor, the low-rpm 
switch will activate if the rpm drops below 3492. To 
bypass the low-rpm switch, select a new clock fre- 
quency, which is a function of the number of poles in 
the motor and the motor’s lowest operational control 
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speed. The formula for the new clock frequency is 
F, =(number of poles/8)(low rpm/3492)(2 MHz). 
Because the number of poles is four and the low rpm 


is 1000, the new clock frequency will equal 286 kHz. 
The resistor-divider network, connected to the motor 
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windings, is shown in Fig 5. The maximum voltage at 
A, B, and C equals the supply voltage plus the back- 
EMF. 

The acceleration rate necessary to reach full speed 
in 1 sec places a torque requirement on the motor. 
You can calculate this torque by multiplying the accel- 
eration (from 1000 rpm to 10,000 rpm in 1 sec) by 
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Fig 4—Speed control for this unipolar motor-control circuit is provided at the transconductance input, V,y. In this case, the motor is 


again a 3-phase, 4-pole wye-connected unit with a center tap. 
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inertia. Because the acceleration required is 942.5 rad/ 
sec’, and the inertia is 0.01 oz-in.-sec’, the torque re- 
quired is 9.425 oz-in. 

Torque constant is a function of the amount of back- 
EMF the system can handle at maximum speed and 
the motor-winding resistance. The total voltage avail- 
able is 24V. This voltage drops across the back-EMF, 


24Vde © COILCT 
C 


3-PHASE 
BRUSHLESS dc = 


COIL A 


Rsense 





the driver transistor, and the motor winding. Maxi- 
mum back-EMF occurs when the motor is spinning at 
10,000 rpm (1047 rad/sec). Therefore, the back-EMF 
is related to the torque constant Ky by (K7/141.6)(1047 
rad/sec) and equals 7.394K>. 

You can determine the IR drop in the motor windings 
(Ry) and Rggnsg by dividing the motor torque by the 
torque constant and multiplying the result by the sum 
of the motor-winding resistance (Ry) and Rggngp. To 
calculate Vgar, the voltage dropped across the driver 
transistor, divide the motor torque by the torque con- 
stant and multiply the result by the effective resistance 
(Rpgon) of the driver transistor—0.3Q), in this case. 

The voltage applied across the motor terminals in 
Fig 4 is equal to the back-EMF (7.394K,) plus the IR 
drop in the motor windings (9.425/Ky)(Ry + Rggngp) 
plus Vgar (9.425/Ky)Rpson. Therefore, 24V — back 
EMF —IR—Vgar=0 is a limit for Ky and Ry. Let 
Ry= Ry + Reense + Rpgon. Therefore, 


24 —7.39Ky — (9.425/Ky7) Ry = 0. 


—Q COIL A O COIL B 





Fig 5—To operate in a unipolar fashion at voltage levels greater 
than 12V, you must develop voltage-divider networks for each of 
the motor’s terminals because the control chip should never have 
more than 15V on any input. 


EDN April 29, 1993 = 93 





EDN-DESIGN FEATURE 





MOTOR SPEED CONTROL 
Now you rewrite the equation to solve for Ky as 
7.394 Kyp2—24Ky+ 9.425R_=0. 


You can assume a value for Ry and solve the quad- 
ratic equation Ky. If the roots are real, Ky can take 
the higher value and Ry can assume the trial value. 
To find the highest possible value for Ry, iterate to 
find the point where the roots for Ky are real and 
nearly equal to each other. The iteration yields an Ry 
of 2.0650 and a Ky of 1.66: 


Rr we Rpson a3 Ry i Reense = 2.065 y's 0.3 SE 1.765Q). 


The current requirement through the motor windings 
will be equal to 


9,.425/Ky =9.425/1.66 =5.68A. 


The value of Rggnggz will be equal to the voltage level 
at the current limit divided by the internal gain of the 
sense amplifier times the current requirement through 
the motor windings, or 


2.25/(4 X 5.68) = 0.0990. 
Ry = 1.765 — Regngp = 1.765 — 0.099 = 1.66622. 
Therefore, Ky= 1.66 oz-in. and Ry =1.666 max. 
For these values, the peak voltage at the motor 
terminals is the voltage drop across the motor windings 


plus the voltage drop across the driver resistor, or 


24 + 7.394Ky =36.274V. 


To divide this peak voltage down to 12V or less at the. 


motor winding, a you'll have to use a divider network 
such as that shown in Fig 5. You can use the expression 


36.274(R,/R, + R2) = 12 
or, 


Re eee 2:023R, 


to calculate R, and R,. If R, equals 1.8 kO, then R, 
would equal 3.64 kQ. 

Vin is the input to control speed and 2.25V is the 
maximum input voltage. V;, controls the motor cur- 
rent, which can control speed. You need an external 
speed monitor in this case. The transconductance from 
Vin to Iy is 1/(4Rgpngp) A/V. Having calculated values 
for the voltage divider and motor parameters K and 
R, you have completed the design of the 24V unipolar 
senseless de motor controller. Ge 
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Signal’s new High Power International 
Transformers, 200VA to 3.5kVA, they’re 
your passport to worldwide acceptance. 


Our new MPI and HPI transformers share the same high 
_,s | Performance and volumetric efficiency. Our unique insulating 
+4 suas and construction techniques provide high isolation (4000V RMS 
eae Hipot), low leakage, and compliance with international safety 
ett < Standards. Here are other features that deserve a closer look: 
em * Regulation: 7.5% or better (dependant on VA rating) 
* Low leakage current for medical applications 
* 5 mils thick copper Faraday shield reduces common 
mode noise 
* Shield terminated to handle high currents 
* MPI’s-incorporate Faston/screw type shock proof terminals 
* HPI’s-incorporate Euro style screw terminals 
* MPI’s—operate at: 100V, 115V, 200V, 215V, 230V- 50/60 Hz 
* HPI’s—-operate at: 100 V, 115V, 215V, 230 V - 50/60 Hz © 
* MPI’s—approvals pending: UL 506, CSA 22.2 # 66 and 
VDE 0805 (IEC 950) 
* HPI’s—approved to UL 506, CSA 22.2 # 66, and VDE 0550. 
Approval pending: TUV IEC 950 
| % MPI’s—constructed with Class B materials (130°C) 
* HPI’s—constructed with Class H materials (180°C) 
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Power Transform 
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VA SIZE (400VA) 
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; Secondary 1-9 Pcs ~ 
. w= Part No. VA ; . 
| feel 
MPI-200-10 | 200 10Vct. @ 20.0A 5V @ 40.0A Wie 
“< THROUGH eke -s.0° ---- $ 85.00 Pre. 
_ ¥ ay MPI-200-230 | 200 230Vct. @ 0.87A 115V @ 1.74A blers 


MPI-250-10 250 10Vct. @ 25.0A 5V @ 50.0A 

THROUGH | ---- - - 90.00 
MPI-250-230| 250 230Vct. @ 1.1A 115V @ 2.2A 

MPI-300-10 300 10Vct. @ 30.0A 5V @ 60.0A —— 
THROUGH | ---- sear Saas 96.00 | far, 
. [MPI-300-230| 300 230Vct. @ 1.3A 115V @ 2.6A lef, 
‘41 MPI-400-10 | 400 10Vct. @ 40.0A 5V @ 80.0A 5Y, 
THROUGH | ---- atm —— 111.00 : 
MPI-400-230| 400 230Vct. @ 1.74A 115V @ 3.48A ~ 35 
MPI-650-10 650 10Vct. @ 65.0A 5V @ 130.0A 

THROUGH | ---- sacs — 145.00 
MPI-650-230| 650 230Vct. @ 2.8A 115V @ 5.6A 
























MPI-900-10 900 10Vct. @ 90.0A 5V @ 180.0A ™ 
THROUGH ---- ---- --s- 162.00 Ft 
MPI-900-230| 900 230Vct. @ 3.9A 115V @ 7.8A | LGA 

_ __. Mechanical Dimensions sits 4g 




















4.203" 
106.6 mm 
3.898" 
99.0 mm 


4.223" 
104.8 mm 107.3 mm 


400VA anal 4.805" 4.000" 3.625" 3.505" | 9.82Ibs | \4 

104.8mm | 122.0mm | 101.6mm | 921mm | 89.0mm | 4.46kg | W 

entra 5.250" 4.430" 4.800" 4.500" 3.415" 14.83 Ibs 
133.3mm | 112.5mm | 121.9mm | 114.3 mm 86.7 mm 6.73 kg 

900VA 5.250" 4.800" 4.500" 4.205" 19.84 IDS Pam 

“ 133.3 mm 121.9mm | 114.3mm | 106.8 mm 9.01 kg F 


f 


3.750" 
95.3 mm 











6.22 Ibs 
ad 
2.82 kg 
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___ Series i Parallel Pree 
$ 368.00 





























230V @ 8.7A 115V @ 17.4A 
i 230V @ 12.0A 115V @ 24.0A 398.00 
ty, 115V @ 30.4A 











3500 230V @ 15.2A 450.00 













Mechanical Dimensions _ _ =n 
H | Me cmte)s [Mw (mig | WOT 
2000VA 7.500" 5.600" 6.560" 5.750" 4.350" 41.3 Ibs 
190.5mm | 142.2mm | 166.6mm | 146.1 mm | 110.5 mm 18.71 kg 
2750VA 7.500" 6.230" 6.560" 5.750" 4.980" 48.0 Ibs 
190.5mm | 158.2mm | 166.6mm | 146.1mm | 126.5 mm 21.77 kg 
3500VA 7.500" 7.330" 6.560" 5.750" 6.080" 62.4 Ibs 
190.5mm_| 186.2mm _| 166.6mm | 146.1mm | 154.4 mm 28.30 kq 
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Signal Transformer, 500 Bayview Ave., Inwood, NY 11696 


*For dimensional drawings, schematics, or any other 
additional questions you might have, please contact 


our Engineering Dept. cirRcLE No. 106 
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What will Siliconix’ new 3-V p-channel MOSFETs do 
to help shrink system size? 


STAMP OUT 








With leakage currents 
of only 1 yA, these new 
LITTLE FOOT® devices 
are the industry’s most 
efficient 3-V solutions. 
They’re unequalled for 
design simplicity, power 
efficiency, small size, and 


cost effectiveness. And ideal for load switching in 
portable computers and cellular phones. 


LITTLE FOOT SO-8 POWER MOSFETs 


V SUPPLY 





Device Breakdown On- Current 
Voltage Resistance (A) 
(V) (Q) 





SIV433DY 12 
single p-ch -12 


0.075@V,=-4.5V +#5.1 
0.110@V,.=-27V +4.0 





SiQ933Dy (2 O13 @V.- 45) +136 
Guaiprh (2 O21 @v  27y 230 


Simplified 
load switching 
... no high- 
side driver. 


These new 
p-channel 
devices oper- 
ate directly 
from 3-V logic 
supplies or 
batteries. 
They simplify 
design and 


reduce part count 

by replacing a high- 
side driver IC and an 

n-channel MOSFET. 

They also can be 
used to enhance the 
performance of 5-V 
systems. 


Increased efficiency ... and longer battery life. 

Both the new surface-mount $i9433 and the Si9933 
draw far less power than the typical high-side driver/ 
n-channel solution. And they have low voltage drop 
as well, so no heat sink is required. 


Designing small ... a big advantage. 

These power dense SO-8 LITTLE FOOT devices 
significantly shrink system size. So, get small... 
contact your local TEMIC/Siliconix sales office. 

Or call our toll-free hot line now! 1-800-554-5565, 
ext.977. Ask for your “3-V LITTLE FOOT” Design Kit. 


Siliconix 


A Member of the TEMIC Group 


TEMIC/Siliconix U.S. Headquarters: 2201 Laurelwood Road, Santa Clara, CA 95056 Fax: (408)970-3950, Attn. 43-977. ©Copyright 1993 Siliconix inc. 
TEMIC/Siliconix International Sales: UNITED KINGDOM: (0344) 485757. GERMANY: (07131)670. FRANCE: (1) 30.60.70.00. ITALY: (02) 489-52258. 
SCANDINAVIA: 08-733-0090. SINGAPORE: 65-7886668 ext. 249. HONG KONG: 852-724-3377. JAPAN: 3-3578-0823. 


A Dawn on a New Decade ! 
The 30th Design Automation Conference 


see The Best In 


Electronic Design Automation 
Displayed To The World! 


® Come hear what the Russians 
developed on an AT 286 PC with 
640K RAM and a 20Meg Hard Drive, 
attend the session "Russian CAE" 


© Over 115 exhibitors of EDA 
products 


® Continuation of the successful 
user focused sessions, including a 
session on the probability of 
Windows/NT™ and the Intel 
Pentium™ processor becoming the 
next generation EDA platform 


® Following the discussion by Ralph D. 


Nurnberger on the effect of the Clinton/ 


Gore administration on EDA, an 
EDAC/DAC User Group will be 
organized during Session 20 
Become a part of this new event 


© Free Monday Exhibits-only passes 
available for June 14, 1993 

Call 800-321-4573 or send a one line 
email message to: freeday@dac.com 







®@ Over 110 technical papers and 
panel presentations 


@ Full-day tutorials on cutting 
edge EDA topics 


@ Leading EDA vendors presenting 
their latest products, Monday, 
June 14, 1993 


®@ For the first time at DAC, private 
Demo Suites will be conveniently 
located in the Dallas Convention 
Center and not 

in the hotels 





Dallas Convention Center e Dallas, Texas e June 14 - 18, 1993 


sponsored by: 
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hink of all the digital sorts of 
things that you’d like to do 


with your standard phone line: 
high-speed data communications, 
caller ID, and fax transmission and 
reception. Now envision these capa- 
bilities realized in a small, 1-in.-high 
aluminum box. What you see in 
your mind’s eye is the 14.4-kbps Su- 
pra FAXModem V.32bis, a reliable 
workhorse for computer communi- 
cations over the telephone. The ex- 
ternal version of this product costs 
$399.95. The company sells this 
product with DOS- or Windows- 


based communications and fax soft- . 


ware for $449.95, $389.95 for an in- 
ternal package, or $479.95 for a 
similarly equipped Mac package. 
I’ve owned a Supra 2400-bps mo- 
dem for many years. It always oper- 
ates reliably, even over noisy phone 
lines. The FAXModem V.32bis re- 
tains this critical feature, despite 
the way I’m using it. You see, in 
EDN’s modern office environment, 
_ we have no archaic analog phone 
lines. Instead, we have modern 
AT&T digital PBX lines, incompat- 
ible with all conventional telephone 
equipment. Thus I must use a spe- 
cial phone coupler from Konexx 
(San Diego, CA) that taps into my 
digital phone’s analog handset cord 
and provides a convenient RJ-11 
jack for a modem. Despite the Kon- 
exx box, the PBX’s digitization of 
the modem signal and conversion 
back to analog, and the usual tele- 
phone system noise, this modem 
had no problems communicating 
with modems across the country. 
The FAXModem V.32bis oper- 
ates at speeds to 14,400 bps when 
talking to a compatible modem. If 
you want to save $100, you can buy 
the FAXModem V.32 for $299.95. 
Using the FAXModem V.32bis’s 
MNP 5 data compression, you can 
theoretically achieve 38,400-bps 
transmissions, and BTLZ compres- 
sion can take you to 57,600 bps. I 


RRR 


- EDN-HANDS ON! 


Product reviews from EDN's editors and readers 


The little modem that could 


never operated at those rates. You 
must be communicating with a com- 
patible modem to use such high 
rates. 

Beyond transmission rates, there’s 
little you can say about a good mo- 
dem; you plug it in, and it works. 
One unusual feature on this modem 
is a 2-character alphanumeric dis- 
play that tells you what’s happening 
with the modem. It tells you when 
the modem is dialing a number, 
when the remote modem connects 
with yours, and what transmission 
speed you're using. Being able to 
monitor this display is an excellent 
justification for having an external 
modem. The manual is clear, has 
several useful appendices, and in- 
cludes a well-written troubleshoot- 
ing chapter, on the off chance that 
you have problems. 

Supra has updated the firmware 
in this modem twice since I received 
it. The first time was to expand the 
modem’s fax capabilities. The product 
incorporates Rockwell’s fax/modem 
chip set, so its capabilities are pro- 
grammable. I tried the DOS-based 
fax software and easily was able to 
send a document to EDN’s dumb 
fax machine but not to EDN’s super 
smart “fax machine from hell” 
(EDN, October 1, 1992, pg 33). I 
didn’t try to receive faxes using this 





modem because the Konexx box 
doesn’t allow the modem to answer 
the phone. However, the fax abili- 
ties are really determined by the 
fax software. Supra provides Fax- 
talk from Thought Communications 
(Santa Clara, CA) for DOS faxing 
and Winfax from Delrina Technology 
(San Jose, CA) for Windows users. 

The second ROM upgrade added 
caller-ID abilities to the modem. You 
could use this feature to screen calls, 
assuming that you don’t have a 
PBX that filters such information 
from your phone lines, but another 
suggested use really caught my 
eye. Bulletin boards conceivably 
can use caller ID for automatic log 
in. However, this feature isn’t much 
help for road warriors with laptop 
computers who call in from the 
nearest pay phone. 

In summary, this is a modem that 
performs well. It has good docu- 
mentation, it has state-of-the-art 
capabilities, the vendor supports it 
well, and it doesn’t cost as much 
as many of its competitors. If there’s 
anything more you could possibly 
want in a modem, it will probably 
appear in the FAXModem’s next 
ROM upgrade.—Steven H Leibson 

Supra Corp, 7101 Supra Dr SW, 
Albany, OR 97321. Phone (503) 
967-2400. FAX (503) 967-2401. 
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TOKIN TECHNOLOGY UPDATE 





The perfect way to start you 
TOKIN high-performance mini-c 






Get an early start on 
your day. Give us a call and 


There’s no question that 
TOKIN’s new chip-type 
multilayer ceramic capacitors 
command a loyal following. 





discover the true meaning 
of TOKIN performance. 


Characteristics [Y5U (Z5U)] 
Rated Voltage 





Cap. 


IE106ZY5U-C205M 
IE106ZY5U-C205F 
TE106ZY5U-C304F 


IE1S6ZY5U-C505F 
TE226ZY5U-C505F 


Stability at Low and 
High Temperatures (10yF 25V) 
20 








TOKIN’s unique roasting = 
method involves firing two 
special materials with dif- 
ferent temperature character- 
istics at a low temperature 
(less than 1,000°C). The 
result is increased capaci- 





Suddenly, you find them in 
the finest devices in town. 
One reason is their large 
permittivity (capacitance). 
Another is size—1/5 that of 
conventional products. And 





TH106ZY5U-C505F 





10pF 









An exciting breakthrough in 
capacitor technology! 
TOKIN capacitors—the 
perfect blend for a wide 
range of applications from 
EMI/EMC filters to bypass 











22yF 





to clinch the deal, they’re 2. 
very competitively priced. tance and reduced costs. capacitors. F 0 

What's mor €, these New Multilayer Ceramic Capacitor (mm) E ~ 60 
fresh capacitors are ideal 22 uR/25 i. 








for surface mounting and NEW 
offer exceptional reliability. 
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Ceramic Capacitor End Termination (Reflow type) 
Nickel/Tin Metal Termination 
Fired-on End Termination 
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Marketing/Business Director 
Deborah Virtue 
(617) 558-4779 


Director of Production/ 
Manufacturing 
John R Sanders 


SPAIN 

Luis S$ Giner 

Urbanizacion Santa Barbara 
Edificio Cumbre, Apt 7B 

08870 Sitges (Barcelona) Spain 
Tel: 3-894-43-26 

Fax: 3-894-88-37 


AUSTRIA 

Sven Kollensperger 
Permedia 
Mozartstrasse 43 
A-4020 Linz 

Tel: 732-79-34-55 
Fax: 732-79-34-58 


ISRAEL 

Asa Talbar, Talbar Media 
Box 22917 

Tel Aviv 61228, Israel 
Tel: 972-3-223-621 

Fax: 972-3-524-2177 


SWITZERLAND 

Peter Combaz, Roswitha N Briand 
Exportwerbung AG 

Kirchgasse 50, 8024 Zurich 1° 

Tel: 41 1261 4690 

Fax: 41 1 251 45 42 


NETHERLANDS/NORTHWEST 
GERMANY (NIELSEN 1,2) 
Albert Ticheler 

Dialtic 

Busweg 46 

5632 PN Eindhoven 

Tel: 31-40-41-37-27 

Fax: 31-40-42-04-30 


CENTRAL/SOUTHWEST 
GERMANY 

Franz Fleischmann, MediaPac 
Hanauer Landstrasse 294 
D-6000 Frankfurt/Main 1 
Germany; Tel: 4969 42 2951 
Fax: 49 69 421288 


HONG KONG 
Adonis Mak 

Cahners Asia Limited 
22nd fl, Lo Yong Court 
Commercial Bldg 
212-220 Lockhart Road 
Wanchai, Hong Kong 
Tel: 852-572-2037 

Fax: 852-838-5912 


JAPAN 

Kaoru Hara 

Dynaco International Inc 

Suite 1003, Sun-Palace Shinjuku 
8-12-1 Nishishinjuku, Shinjuku-ku 
Tokyo 160, Japan 

Tel: 81-3-366-8301 

Fax: 81-3-366-8302 


KOREA 
Jeong-guon Seo 
Media Network 
CPO Box 6997 
Seoul, Korea 

Tel: 82-2-752-4392 
Fax: 82-2-752-4394 


Production Staff 
Andrew A Jantz, Supervisor 
Sheilagh Hamill, Manager 
Lynn Morelli, Assistant 


SINGAPORE/MALAYSIA 
Hoo Siew Sai 

Major Media Singapore PTE Ltd 
52 Chin Swee Rd 

#06-00 Resource Bldg 
Singapore 0316 

Tel: 65-738-0122 

Fax: 65-738-2108 


AUSTRALIA 

Alexandra Harris 

World Media Singapore Pts Ltd 
Level 1 

Suite 5, 89 York St 

Sydney, NSW 2000 Australia 
Tel: 61-2-283-2788 

Fax: 61-2-283-2035 


TAIWAN 

Parson Lee 

Acteam International Marketing Corp 
ZF, No. 17, Alley 7, Lane 217, Sec. 3 
Chung Hsiao E Rd 

Box 82153, Taipei, Taiwan ROC 

Tel: 886-2-7114833 

Fax: 886-2-7415110 


PRODUCT MART 
Joanne Dorian 


249 W 17th St 


‘New York, NY 10011 


Tel: (212) 463-6415 
Fax: (212) 463-6404 


INFO CARDS/ 
LITERATURE LINK 
Melissa Bachman 


Tel: (617) 558-4282 
CAREER OPPORTUNITIES 


Roberta Renard 

National Sales Manager 

Janet O Penn, Eastern Sales Manager 
Nanci C Hilbert, Sales Coordinator 
103 Eisenhower Pkwy 

Roseland, NJ 07068 

Tel: (201) 228-8602, 228-8610, 
228-8608; fax: (201) 228-4622 


Judy Telander 

West Coast Sales Manager 
12233 W Olympic Blvd, Suite 236 
Los Angeles, CA 90064 

Tel: (310) 826-5818 

Fax: (310) 207-1067 


Direct Mail Service: (708) 390-2361 


Wendy A Casella, Mary Beth Cassidy, 
Muriel Murphy 

Advertising/Contracts Coordinators 
(617) 964-3030 


Cahners Magazine Div 

Robert Krakoff, President/Chief 
Operating Officer 
Cahners Publishing Co 

Tom Dellamaria, Senior VP/Production 
& Manufacturing 

Circulation: Denver, CO 

(303) 388-4511 


Reprints of EDN articles are available on a custom printing basis at reasonable prices in quantities of 500 or more. For an exact quote, contact 
Andrea Marwitz, Cahners Reprint Service, Cahners Plaza, 1350 E Touhy Ave, Box 5080, Des Plaines, IL 60017. Phone (708) 390-2240. 
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PICO DC-DC 
INDUSTRIAL 
CONVERTERS 


® Single and Dual Isolated 
Outputs 


@® Low Profile, .500” max. ht. 

@ Up to 15 Watts 

@ No External Components 
Required 

® Fully Regulated 

® Short Circuit Protection 

@ No Heat Sink or Electrical 
Derating Required 

@ —20°C to + 70°C Operating 
Temp. Ambient 





Delivery— 
stock to one week 


PICO 


& 
Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 

FAX 914-699-5565 


EEM 
or sind direct for 
CO Catalog 


FREE PI 
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DESKTOP VIDEO 
AND TELEPHONY 


GREAT VALLEY PRODUCTS PRODUCTS 


In just over four years GVP (Great Valley Products), located in 
King of Prussia, PA, has become the largest third party supplier 
in all key Commodore Amiga markets. 


GVP is now building on the vision and exceptional functional 
expertise that has led to this pheonomenal success. We are di- 
versifying our products to other platforms. Specifically — 
development of high end professional desktop video solutions 
and telephone/fax/voice solutions for the PC platform. 


We have multiple engineering openings for Directors thru De- 
velopers. 





Video Design Engineers 


In depth knowledge of PAL and NTSC video applications a 
must. 3 plus years experience, Gate Array and PC hardware ex- 
perience required. 


WM KeoXe(=Yanm BI-X-Jlelam tale |lal-1-1 6 


Requires 3 plus years DSP and/or Gate Array design, preferably 
in PC hardware design. Modem design for international appli- 
cations a major plus. 


Software Engineers 








Requires 3 plus years programming in C or Assembly; tele- 
phony or video background in PC environment preferred. Di- 
rect experience with drivers and MS Windows (GUI). DSP ex- 
perience a plus. 


In recognition of our achievements, GVP was listed in the 
Philadelphia Business Journal’s 1991 and 1992 annual “Top 
100 List” for privately held companies in the Greater Philadel- 
ohia/Delaware Valley Area. 


T. Williams Consulting 
GVP EXTERNAL RECRUITING OFFICE 


P.O. Box 337, Collegeville, PA 19426 
FAX: 215/489-4646 
Equal Opportunity Employer 






ANE MIAMI, FLORIDA 
IOWA MIDWEST B.S.E.E., EXPERIENCE IN DIGITAL & ANALOG 
DWEST OPENINGS ELECTRONICS. IN THE DESIGN OF MAGNETIC 











COMMERCIAL 


UHF RADIO 
3, 44 YRS, RF CIRCUIT DESIGN, DIGITAL INTERFACE, 
STEM INTEGRATION, TYPE APPROVAL TESTING, SOME 
TERNATIONAL TRAVEL REQUIRED. 


INDUSTRIAL CONTROL 
5+ YEARS, A-B PLC’S, LADDER LOGIC, ‘C’ PROGRAM- 
\IG, MOTION CONTROL, POWER ELECTRONICS, DATA AC- 
ISITION, DATA COMMUNICATION, MUST HAVE STRONG 
OJECT MANAGEMENT EXPERIENCES. 

DON GALLAGHER, MSEE, PRES. 
GALLAGHER & ASSOCIATES 
1145 LINN RIDGE RD. 


RD. 
MOUNT VERNON, IA 52314 
(319) 895-8042 (319) 895-6455 FAX 


ELEMENTS (TRANSFORMERS, INDUCTORS, 
ETC.). THEORETICAL & PRACTICAL EXPERI- 
ENCE IN THE FIELDS OF DISCHARGE LIGHTING 
DEVICES. BASIC EXPERIENCE IN PLASMA 
PHYSICS AND A MINIMUM OF TWO YEARS 
WORK EXPERIENCE IN PLASMA PHYSICS AND 
A MINIMUM OF TWO YEARS WORK EXPERI- 
ENCE IN THE DEVELOPMENT AND DESIGN OF 


SWITCHMODE POWER ELECTRONICS CR A 
MINIMUM TWO YEARS OF WORK EXPERIENCE 
IN THE DESIGN AND DEVELOPMENT OF HIGH 
INTENSITY DISCHARGE ELECTRONIC BALLAST, 
MON-FRI, 9:00-5:00 PM. $18.00/HR. 


SUBMIT RESUME ONLY TO JOB SERVICE OF 
FLORIDA, 701 S.W. 27 AVENUE—ROOM 15, 
MIAMI, FL 33135, REF: JOB ORDER #FL 
0785819. 


EOE: 





It's Good To Be 
Well Connected In San Diego. 
NOKIA Proves It. 


From Finland comes NOKIA Mobile Phones, Europe’s largest—and the 
world’s second largest mobile phone manufacturer. As part of the NOKIA 
group of high-technology companies with research and development centers 
worldwide, we have selected San Diego as the site for our latest R&D Center. 
Currently, we are seeking self-directed engineers to be the innovators of 
future generations of NOKIA hand-held portable digital cellular phones. 

Start from the future by investigating the following opportunities: 


HARDWARE ENGINEER Responsible for all hardware design 


aspects of a next-generation cellular telephone, including system and board 
design, prototype development and integration. Requires a BS/MS in EE or 
related science and 5+ years’ experience developing hardware, board-level 
designs, systems, ASICs, PALs, FPGAs and Firmware. Must have demon- 
strated understanding of hardware, software and ASIC partitioning and 
completed at least two major designs from conception through high-vol- 
ume production. Must also be able to design for EMI and mechanical con- 
siderations and have taken a product from conception to high-level produc- 
tion. 


CELLULAR SOFTWARE ENGINEERS responsible tor 


designing, coding, debugging, integrating and testing software for next- 
generation cellular telephones. Requires BS/MS in CS, EE or related sci- 
ence, plus a minimum of 5+ years’ software development experience in 
software design methodology, including Structured Analysis and design 
methods (CASE tools), and knowledge of network protocol software 
design. Unix or VMS operating systems and multi-tasking embedded sys- 
tems also required. 


ANALOG/ ASIC ENGINEER Responsible for system-level defi- 


nition, evaluation and testing of an analog CMOS integration circuit, 
including A/D’s and D/A’s; acting as liaison with vendors and supervising 
vendor's work; supporting other analog IC (Bipolar/Bi-CMOS) design pro- 
jects. Will also design analog IC (Bipolar/Bi-CMOS) circuitry. Requires a 
BS/MS/Ph.D in a related discipline and a minimum of 5 years’ experience 
in analog CMOS or Bi-CMOS integrated design. Familiarity with amplifiers, 
A/D and D/A converters and low power design, as well as knowledge and 
ability to use modern CAD tools in Apollo/HP environment also necessary. 


DIGITAL ASIC ENGINEERS Requires a BS/MS in CS, EE or 


related science, plus a minimum of 5 years designing digital CMOS circuits. 
Must be familiar with digital signal processing in telecommunications appli- 
cations, low power design methodologies, design for testability and FPGA 
prototyping techniques. Should have experience with modern design tools 
(VHDL, Mentor, Synopsys) for top down design simulation and verification. 


DSP ASIC ENGINEER Responsible for specification, implemen- 


tation and delivery of DSP ASIC parts. This includes specifying hardware 
requirements for algorithm and system functionality, writing detailed 
block-level specifications, writing and simulation of synthesizable VHDL 
models, VHDL synthesis, and gate-level simulation and timing verification. 
Requires previous experience in the following areas: DSP algorithm 
implementation, VHDL and Top Down Design Methodology, VHDL syn- 
thesis, low power logic design, gate array/std cell design implementation, 
testability, and state-of-the-art CAD/CAE tools. Systems experience also 
required. 


CELLULAR SYSTEMS ENGINEER Requires 5+ years’ cellular 


experience to include signaling protocols and development of cellular 
products for high-volume production. Also requires knowledge of the 
North American cellular market and related industry technologies. TIA 
experience is desirable. Must have strong technical leadership, communi- 
cation, negotiating and presentation skills. Will be involved in setting the 
technical direction of the division by representing NOKIA in telecommuni- 
cations organizations; direct involvement in negotiating and setting indus- 
try standards; and performing market and technology research. Some 
travel involved. 








Discover the proven product lines and exciting opportunities that NOKIA is 
bringing to San Diego. Send your resume to: NOKIA Mobile Phones, Code 
134, 9605 Scranton Rd., Ste. 303, San 
Diego, CA 92121, or fax it to: (619) 
450-3168. No entry-level positions 
available. Principals only. No phone 
calls please. 


NOKIA 


EEO/ADA Employer 
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SENIOR SYSTEMS 
ENGINEERS 


Loral Defense Systems-Akron, a division of the Loral 

Corporation, is seeking Senior Engineers with the following 

credentials: 

e BSEE, 15+ years’ experience in design, development, and 
integration of systems for simulator/trainer applications 

e Extensive proposal experience 

¢ Front-end requirement analysis 

¢ Hardware/software systems integration 

e Extensive knowledge pertaining to simulator methodology 


° Good understanding of future technology paths in 
simulator/trainer arena 

¢ Managerial experience 

Also Programmer positions available—Junior and Senior; 

aircraft simulator background preferred. : 

We offer competitive compensation and benefits. Send resume 

to: Bill Turnbow; Loral Defense Systems-Akron; Dept. 131; 

1210 Massillon Road; Akron, OH 44315-0001; or FAX to 

216-796-6604. 


Equal 
Opportunity 
Employer 
1X0200X 
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DEFENSE SYSTEMS-AKRON 
A DIVISION OF LORAL CORPORATION 








Attention - Data Processing Professionals 










FRIDAY, JUNE 11TH 
The NAACP Region VII 


(MD, VA & WASHINGTON D.C.) 
AT THE 


M‘LEAN HILTON, TYSON'S CORNER 


7920 Jones Branch Drive 
McLean, VA 22102 


AFFIRMATIVE 
ACTION 
Diversity Job Fair 






































TUESDAY, JUNE 29TH 
The NAACP Region V 
( \ MS, NC 


& TN) 









AT THE 
GEORGIA WORLD CONGRESS CENTER | 0 cor propuanton 


j CALL 1-800-Job-Show 
oe 


—t 
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No registration 


All companice ae direct, Eqeal Opportanigy 


Hine ace sed 
clearances sre encouraged to attend. US. Citizenship required for seme positions 












AT&T Bell Laboratories 


AT&T Bell Laboratories has the following positions 
available in its Power Systems Division located in 
Mesquite, TX, a suburb of Dallas. 


Power Electronics Engineer 


Design state-of-the-art electronic power products for use in 
telelcommunication and data systems. You will design 
switchmode power supplies for both internal customers and 
the commercial OEM market. State-of-the-art circuit 
design skills are required along with experience in 
magnetics, thermal, packaging, EMC, safety agency issues, 
and strong analytical abilities. An MS or PhD in Electrical 
Engineering with 5 years of experience is required. 


Mechanical Engineer 


This position involves the physical design and development 
of electronic PWB assemblies and associated sheetmetal 
and plastic enclosures. As a member of an interdisciplinary 
product team, your responsibility will include thermal 
design, chassis design and PWB layout design. The 
successful candidate will have a BSME with at least 3 
years of experience. Familiarity with UL, CSA, and VDE 
safety agency requirements a plus. 


Ferroresonant Power Engineer 


Engineering support of ferroresonant product for use in 
telecommunication systems. You will provide sustaining 
engineering support for power supply product in full-scale 
production with continuous quality improvement and 
technical consultation with customers. Circuit design skills 
are required along with experience in magnetics, 
packaging, EMI, Bellcore requirements and strong 
analytical abilities. BSEE with 5 years of experience 
required. 


Electrical Test Engineer 


Factory test creation for manufactured products including 
software, fixturing and documentation. Work closely with 
designers, manufacturing, and customer to ensure product 
quality and provide feedback for continuous product and 
process improvement. Lead effort to improve test process 
in cooperation with other test engineers. Understand 
Statistical basis for test limits and apply to achieve target on 
all test parameters. 


Interest and experience in test development including 
fixturing, documentation and software. experience with 
BASIC, C, UNIX, DOS, IEEE-488/HP1B and GenRad test 
equipment desired. Familiarity with power equipment and 
development desired. BS or MS degree in Electrical 
Engineering required. 

For consideration, please send your resume, indicating 
position of interest, to: AT&T Bell Laboratories, Human 
Resources, 3000 Skyline Drive, Mesquite, TX 75149. 


An equal opportunity employer. 


eS 
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=> The right choice. 
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OPERABILITY 
— 


INTERPHASE CORPORATION, a rapidly growing, 
publicly held manufacturer of networking and mass 
storage products for UNIX and real-time systems, is 
expanding to include ATM, Fibre Channel, SONET, and 
extended area networks. We are currently seeking: 





PRODUCT MARKETING MANAGERS 

Product Marketing Responsibility for network 
products, including Ethernet, Token-Ring, FDDI and 
ATM. Will be responsible for product direction, 
marketing communications coordination and key 
customer support. Minimum 5 years related product 
marketing experience in a computer related field. BS 
required; BSEE, MBA desirable. 


ASSOCIATE PRINCIPLE ENGINEERS 

Minimum 10 years board level hardware, software 
and/or firmware design background. Two years 
group lead experience. BSCS, BSEE or equivalent. 





ATTN: Human Resources 


meee, |] TEASE 


FAX: (214) 919-9200 CORPORATION 
NO AGENCIES PLEASE An Equal Opportunity Employer 








DIGITAL DESIGN 
ENGINEERS 


SAN DIEGO 


At QUALCOMM, we provide elegant solutions to the problems 
labeled unsolvable by giants, ranging from satellite communication, 
HDTV and cellular systems. You can be an effective force in 
forming the future of communications using your system level 
design expertise in addition to your low level design capabilities. 


QUALCOMM is a leading innovator in the development of Code 
Division Multiple Access (CDMA) digital communications 
technology which improves the capacity of existing analog cellular 
telephone systems by more than tenfold. We’re applying CDMA to 
cellular telephony and personal communication networks. 


Consisting of more than 900 innovative individuals, QUALCOMM is 
located two miles from the University of California, San Diego and 
one mile from the Torrey Pines State Reserve and beach. Along 
with a highly stimulating work environment, you'll also enjoy a 
competitive salary, a full range of company-paid benefits that begin 
on date of hire, plus genuine opportunity for growth with a highly 
respected entrepreneurial communications company. 


Our continuing success has generated a need for additional talented 
individuals to join our rapidly expanding research and development 
team in San Diego. 


SYSTEM ARCHITECTS 


We are looking for individuals with a deep knowledge of all facets 
of design and implementation of highly reliable digital systems. 
These individuals will define the architecture of large and complex 
wireless digital communication networks, then migrate to a leading 
role responsible for the lower level design, implementation and 
integration of major subsystems. A BSEE or equivalent and a 
minimum of 5 years experience also required. 


SENIOR LEVEL DESIGNERS 


We are seeking independent thinkers capable of high speed, high/ 
low volume, board level designs using the latest in componentary 
and tools. Designs range from 10 to 500 ICs including tens of 
FPGAs and custom ASICs to multiples of the latest microproces- 
sors and DSPs. A BSEE or equivalent and a minimum of 3 years 
experience also required. 


SPECIALIZED DIGITAL 
DESIGNERS 


We are looking for engineers with the following specialized 
expertise: low power/battery operated, high speed digital circuits; 
parallel processing; VERY high speed digital design; backplane 
designers. A BSEE or equivalent and design experience in one of 
these specialized areas are required. 


DIGITAL SYSTEMS TEST 
ENGINEERS 


We are seeking individuals versed with Testing and Reliability 
concepts. These individuals will develop functional test strategies 
and methods for complex digital systems and participate in all 
design phases. 


Please send your resume by mail, fax or e-mail to: QUALCOMM, 

Attn: Human Resources, Dept. DS/EDN, 10555 Sorrento Valley 

Road, San Diego, CA 92121, FAX (619) 452-9096 or internet: 

i iat lactis QUALCOMM is an Equal Opportunity 
mployer. 
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In these fast-paced 
times you don't 
want to be left 


RP ane E 
wee 2 
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Yesterday's technology is — well, yesterday. And you want 
to put your name on advances in telecommunications you'll 
be reading about tomorrow. 


PCSI has tomorrow's telecommunications headlines in the 


- making. We're pioneering some of the most talked-about 


new technologies used in wireless computing and communi- 
Cations to make possible a new generation of personal and 
business products. 


Founded in 1987, PCSI has grown with vision, energy, and 
SUCCESS, enj ad saree rowth averaging 100 percent per 
year. More than half of PCSI’s employees are degreed 
engineers and computer scientists, and over half of them 
have advanced degrees. We're inviting additional individu- 
als to apply the latest tools and techniques to product devel- 
opment that sets rather than follows the pace. 


Software Engineers 
Senior, mid and junior level Designers/Implementers with 
experience in “C” and Assembler on DOS PC and/or 
embedded microprocessors for real-time iy rset 
Experience with communications systems highly desirable. 
Minimum three years of experience. 


RF/Analog IC Design Engineers 
Responsible for designing Wireless Digital Cellular Mixed 
Mode ASIC's. Minimum of 4 years Bipolar/ 
CMOS/BiCMOS experience in the complete ASIC design 
process. Experience in the development of Synthesizers, 
Mixers, A/D's, D/A’s, S/H’s and Amplifiers. Knowledge of 
circuit design techniques in the frequency range from DC to 
3 GHz, and top down design methodology using the latest 
in CAD tools. Experience designing for low power and low 
voltage highly desired, plus a record of successful design 
accomplishments. 


Design Verification Engineer 
Responsible for system design verification of wired and 
wireless communications products for the portable comput- 
ing market. Requires strong design and measurement back- 
ground in voiceband wire-line modems and analog cellular 
voice implementations, including familiarity with EIA/TIA- 
496-A, 553, and IS-19-B standards. Experience with sys- 
tem-verification/engineering qualification plan and proce- 
dure development, as well as analog and RF measurement 
techniques, a plus. Seven years of experience. 


DSP Software Engineers 
Mid-level Designer/Implementer experienced with the 
TMS320 processors. DSP functions and architecture, 
Assembly language and “C” a must. Voice processing expe- 
rience highly desirable. Initial task to incorporate phone 
enhancement features into digital cellular telephone system. 


PCSI enjoys a vigorous intellectual environment marked by 
collaboration, freedom and urgency. If this is the sort of 
environment that would bring out your best, send/fax or e- 
mail your resume, indicating position of interest, to: 
Professional Staffing, Pacific Communication Sciences, 
Inc., 10075 Barnes Canyon Road, San Diego, CA 92121. 
Fax: 619/535-9235. Internet Mailbox: careers @pcsi.com. 
As of February 1993, PCSI is a wholly-owned subsidiary of 
Cirrus Logic, inc. of Fremont, California. Equal Opportunity 
Employer; Non-Smoking Environment. 
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The Clear Choice 

















Schematic 
Capture 
for the 





: = Macintosh 
NEW DesignWorks™ 3.0! 


Introducing a new generation of design tools for the Apple 
Macintosh. DesignWorks 3.0 Schematic Features Unlimited 
hierarchy ¢ multi-level Undo/Redo e auto-packaging 
spreadsheet-style attribute browser and much more. Optional 
Digital Simulation Module 13-state event driven simulation, 
fully interactive even on hierarchical designs © New interactive 
test vector panel Schematic Libraries New expanded libraries 
with over 13,000 parts, including all 74xx families, 75xx, 4000, 
ECL, processors, memories, etc. Interfaces Netlist outputs 
for SPICE, Douglas, McCAD, Cadnetix, OrCad, Tango, Racal- 
Redac, etc. ¢ Fully customizable reports 


CALL (800) 444-9064 TODAY FOR YOUR 
FREE DEMONSTRATION KIT! 


CAPILANO COMPUTING 


(604) 522-6200 Fax (604) 522-3972 
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To Offer 


¢ Native or Mixed-Simulator Options 

¢ Concurrent IC and System Simulation 

e MAST, Industry’s de facto standard AHDL 

¢ Largest Library of Parts 

e Interfaces to Verilog-XL, CADAT, QuickSim II 


fo Analogy Inc. 
£275 1a O>s. P.O. Box 1669 
Beaverton, Oregon 
(503) 626-9700 


Fax (503) 643-3361 
CIRCLE NO. 269 











Low Cost CAD Software 


for the IBM PC and Compatibles 
s ) 
Now In Windows™ 


# Design & 
Simulation 


%* Easy to use schematic entry program for circuit diagrams 
(SuperCAD)—Only $149. 

* Powerful, event-driven digital simulator (Supersi kine 
at $149.00. Includes models for TTL/CMOS parts 


* Complete circuit board software package (Super PCB) : 
including autorouter for only $499. Handles multiple layers 
and surface mount.. Printer and Gerber file output. 


__ Write or call for free demo disks: __\\\/, 
MENTAL AUTOMATION n.<(.) 
6415-136thPlaceSE. = “Wo 


— Bellevue, WA 98006 
(206) 641-2141 
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48 Channel 50MHz Logic Analyzer 


Complete System $1895.00 
New Windows 3.0 Compatible Software 


¢ 48 Chnnis @ 50 MHz x 4K words deep 
* 16 Trigger Words/16Level Trigger Sequence 
_ © Storage and recall of traces/setups to disk 
e Disassemblers available for: 68000, 8088, 8086, 
6801, 6811, 280, 8085, 6502, 6809, 6303, 8031 


NCI 1 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 
(205) 837-6667 FAX (205) 837-5221 


CIRCLE NO. 267 
6800 8041 COP400 
6801 8048 COP800 
6805 8051 SUPER8 
6809 8085 Z8 


68HC11 8096 Z80 
78C10 89700 MORE... 


Cross-16 Meta-Assembler: US$99/CN$119 
| XDASM Cross-Disassembler: US$249/CN$299 


@ Both MS-DOS products include support for ALL 
of the above processor families. 


@ EPROM emulators and Forth compilers too! 

@ Request our catalog. 

@ Credit cards are billed in Canadian dollars (CN$). 
M@ Canadian residents please add 7% G.S.T. 





Universal Cross-Assemblers 


P.O. Box 6158 
Saint John, NB, Canada 
E2L 4R6 


Voice / Fax: (506) 847-0681 
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SOIC TO DIP 


WITH DIP/SOIC 
PACKAGE CONVERTER 


¢ Covert surface mounted SOIC pattern to DIP. 
¢ Solder to SOIC Land Pattern. 

¢ Then plug DIP IC into DIP socket. 

¢ DIP pins are gold plated machined pins. 

e Recessed screw/nut for added strength 

¢ Multiple sizes available 


IRONWOOD ELECTRONICS 

P.O. BOX 21151, ST. PAUL, MN 55121 

(612) 431-7025; FAX (612) 432-8616 
CIRCLE NO. 265 


PC-Based Universal System 


| e Supports PLDs, PALs, IFLs, FPLs, 
| FPGAs, EPROMs, EEPROMs, Flash, 
| 


Bipolar, CMOS, PROMs, Microcontrollers | 
and more 


e Universal PLCC socket for 20- to 0 ee 
devices 


e Powerful editing 
facilities 
e Fast data transfer 
over PC parallel port 
| . Self calibration and 
diagnostics 
| e One year warranty —_£lan Model 6000-features 
| 


hs latest pin driver technology to | 
with free updates assure future device support. 


ELAN SYSTEMS, INC. 

365 Woodview Ave. 

wee ard Morgan Hill, CA 95037 
(800) 541-3526, FAX: (408) 778-2597 | 

CALL NOW: 1-800-541-ELAN for your free device wall chart | 
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FREE 
CATALOG 


Affordable 


tools for 
m Access to Data I/O’s 
programmable toll-free technical 


pace — hotline and on- 
Raper ene ees line bulletin 
board 


m Unbeatable values To order your FREE 
on Data I/O® device catalog, call Data I/O 
peo Direct today. 

Sadates wna 1-800-3-DatalO 
Digs rinse (1-800-332-8246) 


m@ 30-day, money- 
DATA I/O 


back guarantee 
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The WSB-10/WSB-100 Waveform Synthesizers provide generation of analog 
signals independent of the host computer, allowing full processor power to be used 
for other tasks, including calculation of waveform data. The WSB-10/WSB-100 is 
a useful laboratory tool used in reproduction or simulation of noise, audio signals, 
power line signals, and has many control applications. 


Call for a free catalog | Ga QUATECH 
800-553-1170 662 Wolf Ledges Pkwy-Akron, Ohio 44311 
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@ Comprehensive in-house Spice modeling service 
m= Very affordable for your DOS windows PC or UNIX 
workstation 


SILVACO intemational 
4701 Patrick Henry Dr, #1, Santa Clara, CA 95054 
Y.S. Ph: (408)496-6000 Fax (408) 496-6080 
rope Ph: (49)(89) 800-2120 Fax (49)(89) 800-2451 





Make The Smart Move 
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niversal Programmers 
SUPERPRO / EM $399 | 8051/68HC11/Z80 
st altace RR 800166*/68000*/683XX* 


* Programs E(E)PROMs, , 
Integrated Debugging System 


Record, Playback, and 
Analyze at 500 MS/s 























Flash EPROMs to 8 Mbit:, 
& Bipolar PROMs. 










* Microcontrollers from $995 Includes: 
INTEL, MOT, NSC, PIC, etc. ® Borland Turbo C like interface © Control program execution 
¢ PLD, GAL, MACH, MAX... ® Mulfi-windowed editor with Run, Stop, Run to 


® Symbolic source or assembly Cursor, Reset, Step, Trace 
debugging with 16K breakpts. © 128K ROM emulator built-in 

® CPU register, PSW, SFR ® 8051, 68HC11 or Z80 target 
memory, watch, output displays board included 

® Target interface Unit (TIU) ® Supports many compilers 
connects PC to target PROM __“Auaildle 1° Gtr '$3 Consult acto for pricing 
socket 

® One TIU supports 


(not included in SUPERPRO / 
EM) 
¢ Tests TTL/CMOS and Memory. 
* New parts added upon customer request and free | 
updates on BBS. (24 Hrs.) | 
* Online technical support & H/W warranty for 1 yr. 


ROM MASTER™ $129 
¢ Universal E(E)PROM programmer to 4Mbit 
ROM MASTER/4 $199 


¢ Universal E(E)PROM programmer 4 Gang Version 


XELTEK (408) 524-1929 










With ESL's VP5000 
Signal Analysis System! 

¢ 32 to 256 MBytes real-time storage 

© 200 MHz analog bandwidth 

° Single and dual channel systems 

© 10 KS/s to 500 MS/s digital 1/0 

* Embedded i860 processing and analysis 

¢ Flexible acquisition and playback modes 




















757 N. PastoriaAvenue (408) 245-7084 FAX | liga —— YS Fo Gating Pte ’ ae 
Sunnyvale, CA 94086 408) 245 7082 BBS 180 North Vinedo Ave., Pasadena, CA 91107 a ; igen pangs : 
y ( ) Tel: 800-847-1998 Fax: 818-796-6011 LOG. fC eo 3510 a rT 
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STAND-ALONE ALL-IN-ONE 
UNIVERSAL PROGRAMMER 


LP-SU1 devices including EPROMs & EEPROMs, Flash EPROMs, — 
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A Single Module Solves Your Ethernet Connection Problem ! 
No DC/DC Converters, No Pulse X’mers, No Mess-Ups, and No Procurement Problems ! 


Single Chip controller, PALS, GALs, EPLDs, PELs, 2% a =. ne 
and iC test TTL, CMOS, DRAM, SRAM....etc. ron Z > 1g & one 
° All-in-one design utilizes a single 40 pin socket Ethernet <------> BS) oe wen 
° The RAM buffer expend to 32 Mbits eens a <-—--—- > J3 anc “a || 
» Can be operated from a PC using RS-232 nn +E] Ue ts abi 
© Dimensions: 240(L) x 176(W) x 65(H) mm ma 












Any TC3092A 
Q24st 
Ethernet a aaron tani > JAMAGACK 


Controller <---> (“J enc Symbol of 
Excellence 
TC3095CT TC3092A @ 
ETHERNET 3-IN-1 TRANSCODER MODULE ETHERNET COAX TRANSCEIVER MODULE % Z 
* Compatible with 1EEE802.3 10BaseT/5/2. * Compatible with |EEE802.3 10Base5/2. ola” 
* Contains NS8391, NS8392, Pulse X'mer, * Contains NS8392, Pulse X’mer & DC/DC g 
DC/DC, AT&T 7220, & TP filter. functions in one Hybrid module. In | As: 
* Single +5V power supply.(No —9V required) * Coax output short circuit protected. IT h) VERY WELL 
* Auto-detect/correct TP/Coax/AUI. * Single +5V power supply.(No -9V required) M ADE IN TAIWAN 
* Auto-polarity correction. * Exceptional:Low power consumption«0.3W). : 
Exceptional:Low power consumption«0.3W). The Only Electronic 
Vf TAMARACK Microeletronics Inc. Compose Acaded | 
16F-4, No. 1, Fu-Hsing North Rd., Taipei, Taiwan, R.O.C. 
Hall 8 Booth #E01 
6 AX RE eg ee oe Fax:+886-2-776 0545 Telex: 17935 TAMARACK HANNOVER 45 
LEAP ELECTRONIC CO LTD j Tel.+886-2-772 7400 24. — 31. 03.1993 Tel/Fax:+49-511-89 50 5 
: 9 ® 
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ICE FOR THE 2105 DSP 





e Low cost in circuit emulator for the 2105 
DSP comes with DOS user software. 

¢ VGA color display allows viewing and editing 
target memory and registers. 

e Pull-downs, menus, and soft keys are used 
in the mouse driven user interface. 

e Your assembled files may be loaded, 
emulated, debugged, and printed with op- 
tional symbolic displays. 

e Software breakpoints, step, trace, move, fill, 
and other functions are available. 

¢ Designed for use in boot page mode. 


Independent Digital Consulting, Inc. 
Box 1868, Akron, Ohio 44309 
Phone 216-753-0777 Fax 216-753-0772 
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POWER 
SUPPLY 





@ 115/230 switch-selectable AC input 
@ Fully enclosed with fan 

@ ULS544 certified (IEC 601 pending) 

@ AC inlet 

@ Flying lead AC on/off switch 

@ Suitable for PC/AT, tower or file server 


Contact us today for complete information. 
4 Lisi 
z-M=D 
SE ee 
SYSTEMS 
2 a 

X-Med Systems Division of Condor D.C. Power Supplies, inc. 

23tt Statham Oxnard, CA 93033 

(805) 487-9465 © FAX (805) 487-8911 
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ADVIN versus DATA I/O 

¢ Data I/O and Model 2900: reputable company, 
dependable equipment, supports 40-pins. Software 
updates: fair amount. 

e Advin and PILOT-U40: reputable company, 
dependable equipment, supports 40-pins. Software 
updates: free via electronic BBS. 


ADVIN SYSTEMS INC. 


Smaller Company, Better Service. 
800-627-2456, 408-243-7000, Fax 408-736-2503 
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ICeMASTER 


Improved 
User Interface 

Features 
Easy to learn & use 
Windowed interface -- 
user 


FAST! Download -- 
<3 sec. typ. at 115KB 


Source level debug 
A AK frame trace buffer with advanced searching capabilities. 
iceMASTER connects easily to ires no disass expansion slots. 
Works on any PC (DOS Oe ’ finale pth | 

Broad support of derivative devices. 

Rental and 10-day trials available. 

Now virtual memory and mouse support. 

Call today for free demo disk and ask about a free 

8051 Maco Assembler! (800) 638-2423 


1" iMeta 


Metalink: Corporation PO; Box. 1329 Chandler, Az 85244-1329 
Phones: (602) 926-0797 FAX: (602) 926-1198 TELEX: 4998050MTINK 
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_ “All of the C language routines you need to 
_ write an impressive scientific graphing program 
_ of your own. Highly recommended.” 

. PC Magazine 3/14/s9 










on STS. 


SCleniwiniec Endeavors | 
_ 308 N. Kentucky Street, Kingston, TN 37763 _ 
_ Orders: (800) 998-1571 | FAX:(615) 376-1571 
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Tatum CAE Software! 
from $49 to $4190 


ul ECA-2 Analog Circuit Simulation 
e Interactive e Fast, Complete e Realtime Graphics 
e Interface to Mfr's Spice models e Expanded user 
function and conditions list e Model the unusual e 


SpiceAge for Windows 
e Analog Circuit Simulation e Thorough e Powerful 
e Easy to use e Loaded with helps e Super Plots e 


kif GESECA Schematic Graphic Entry 
e Emphasis on circuit design rather than PCB layout 
e Ideal front end for ECA-2 and SpiceAge e Libraries 
@ Pleasure to use e Ports to Tango, Racal, etc. PCB 


SAUNA 3D Thermal Analysis 


e PCB's, heatsinks, enclosures, complex thermal 
designs e Menu driven e All modes: conduction, 
convection, radiation e Full thermal/matl's library 
e The ‘must-have" software for the package designer 


+ More! CAE Software 
e Active filter synthesis, Logic ckt design, Tutorial, 
Curve fitting, and more e Call for demos/catalog e 


Tatum Labs, Inc—\) 4 


1287 N. Silo Ridge Dr, Ann Arbor MI 48108 
Tel: 313 663-8810 Fax: 313 663-3640 


Beta 
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For Complex & High Density PLDs 





The most powerful PLD/FPGA CAE 
design software from $495.00 


| 1-800-331-7766 LOGICA | 
1-305-428-6868 DEVICES, me. sag 
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Schematic Capture 


to Error Free PCB 


EZ-ROUTE Pro - $995 
EZ-ROUTE Std - $249 


EZ-ROUTE provides the most complete 
high performance solution for electronic 
design using personal computers. 
Available for DOS, WINDOWS, & SUN. 
® Design Rule Checker 

® 256 board layers 


© Netlist output comparable to: Futurenet, PCAD, EDIF 
* Output to penplotter, Gerber photoplotter & dot-matrix 








For a FREE Evaluation call: 


1-800-972-3733 


20 DAY NO-LASSLE MONEY BACK GUARANTEE 
1460 S.W. 3rd St., Suite B-8 
83069 






ADVANCED MICROCOMPUTER | 
SYSTEMS, INC 







aMS 2s 


(305) 784-0900 © FAX (305) 784-0904 
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cP-1128 
COMBINATION 
PROGRAMMER 
= $1295.00 


¢ PROGRAMS ALL AMD MACH EPLDs 

¢ PROGRAMS ALL 22V10 PALs including 
BiCMOS PLDs : 

e SUPPORTS E/EPROMs UP TO 28 PINS 

e SUPPORTS bipolar PROMs UP ‘TO 28 PINS 

e CALL 1-800-225-2102 FOR A LITERATURE 
PACK AND DEMO DISK 

e LIFETIME FREE SOFTWARE UPDATES 

¢ MANUFACTURER APPROVED 

e MADE IN THE USA 





PLD/EPROM PROGRAMMER 















¢ 200 MSa/S Sampling Rate 

e PC-BASED INSTRUMENT 

e2 Analog Channels 

¢ 8 Digital Channels (8 Ch. Logic Analyzer) 

© 100 MHz Analog Bandwidth 

© 4K Samples/Channel (Analog & Digital) 

¢ Powerful Software 
$1599 DSO-28100 
$1999 DSO-28200 


Universal 
Programmer 


EPROM ‘FLASH 
EEPROM MICRO 






















ee ee ee og 
BPaicrosystems 


The Engineer's Programmer™ 






Price is Complete 
Pods and Software 
included 





Houston, Texas 77043-3239 © (713) 461-9430 © (713) 461-7413 


1-800-225-2102 
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PAL 
GAL 





Programmable Power Supplies 


3Yea r 
Warrant 
















... for the Price of Standard 
Linear Power Supplies 
GPIB Interface Standard © Voltage/Current 
Programming and Readback via LCD Panel © Power- 
Off Memory © Voltage and Current Step-up/Step-down 
Function © Output Enable/Sisable © Superior Line/Load 
Regulation ¢ Remote Sense Function ¢ Programmable 
Overvoltage and Overcurrent Protection © Software 
Calibration © Voltage/Current Outputs Controllable with 

External Voltage (single output models only) 


American Reliance, Inc. 
9952 E. Baldwin Place, El Monte, CA 91731 
(800) 654-9838 © Fax: (818) 575-0801 
CIRCLE NO. 240 


A Complete Line of Development 
Boards, Programmers and 
in-Circuit Emulators 











 ... 
5ns PALs 
4 Meg EPROM (8 & 16 bit) 


22V10 & 26CV12 GALs 
Parts added at your request 

























Free software updates on BBS 
Powerful menu driven software 


400 MHz 
Logic Analyzer 
















® Models Up To 128 Channels 
® Models Up To 400 MHz 
e Up To 16K Samples/Channel 
® Variable Threshold Levels 
e 8 External Clock Inputs 
* 16 Level Sequential Triggering 
® 100 MSa/s Pattern Generator (option) 
$799 LA12100 (100 MHz, 24 Ch) Price is Complete 


$1299 LA32200 (200 MHz, 32 Ch) Pods and Software 
$1899 LA32400 (400 MHz, 32 Ch) included 


yf Call (201) 808-8990 
@6 Link Computer Graphics, Inc. 

















DS-51 - 8051 EMULATOR + TRACE + PROBE 
Supports 80C51/2/FA/FB, 8XC652/4, 8XC528, 8XC552, etc. 


DB-51 CEIBO/SIGNETICS DEVELOPMENT BOARD 
Design board dedicated to Philips 80C51 family of uCs. 


MP-51 uC, PLD AND EPROM PROGRAMMER 
Programs DIP PLCC and QFP Cs, Eproms and PLDs. 


DS-752 CEIBO/SIGNETICS EMULATOR 
Supports the 83C751/2 and 87C751/2 Philips/Signetics \Cs. 


CEIBO 




















1 BALLARD TERRACE LEXINGTON MA02173 
TEL: 617-863-9927 FAX: 617-863-9649 


For more Ceibo Deutschland - Tel: 6151-9932-0 Fax: 6151-9932-99 
. + ge : j ion, 
369 Passaic Ave, # 100, Fairfield, NJ 07004 fax: 808-8786 , contact Ge tie Ceibo Israel - Tel: 972-52-555387 Fax: 972-52-553297 
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Facts about 


750,000 


ICs and Semiconductors 
at Your Fingertips 


Cahners CAPS is the newest component 

search and selection tool for electronic | 

design engineers: 

e PC-driven, CD-ROM-based 

e Includes unabridged manufacturers’ 
technical documentation 

e Represents more than 600 
manufacturers worldwide 


Call toll-free: 1-800-245-6696 


275 Washington Street 
=P Newton, MA 02158-1630 
Computer Aided elephone: 508-692-4148 
Facsimile: 508-392-0603 





Product Selection 
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EMBEDDED DSP 
MX31 Modular Embedded System 


TMS320C031 DSP: 32 bits, 33 Mflops ¢ small footprint, 
low cost ¢ comprehensive development tools 


/O Daughterboards for: 


¢ signal processing ¢motioncontrol — ¢ logic control 
¢ image processing «data acquisition ¢ prototyping 


Applications: 
factory automation ¢ vibration control 
¢ audio/speech 


¢ robotics 
¢ automotive ¢ industrial control 


INTEGRATED MOTIONS, INCORPORATED 
758 Gilman Street Berkeley, CA 94710 
Tel: (510) 527-5810 Fax: (510) 527-7843 
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Best Value in the World 
Commercial & Milspec 
POLYIMIDE & FR4 
1 to 5 DAY TURN 
1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 





=APR 
0 











@ S5PIECESx134 & 5 DAY PRICES ABOVE 
@ 10 PIECES x 167 @ UL LISTED 





EXTRAS DISCOUNTS 
@ Photo Plotting 
@ Testing 5 5% 
WB Gold Contacts - $50 ES J/o 
@ 25% — Below 8 Mil/.020 ‘ @ CREDIT CARD 
@ SMOBC & LPI — $50 SALES 
FOR MORE INFORMATION CALL OR FAX 


Ken Bahl 
1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408)735-1408 Modem (408) 735-9842 
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a EMULATION SYSTEM 


The Most 
Flexible 
EPROM 
Emulator 
You Can Get 
Today! 





@ Emulates up to 8 @ Accepts Intel Hex, 
4-Megabit EPROMS Motorola S-Record 
through one standard and Binary files. 
serial port. . 

w Software available 
= sssarhprie ke base for IBM PC and 
programs in than compatibles. 

23 seconds 
mw Base 27256 EPROM 


@ Allows you to examine System $395.00. Other 
and modily inc individual ee 
bytes or blocks configurations available. 


ORDER TODAY--IT’S EASY 
CALL OR FAX FOR MORE INFORMATION 


"OME incredible Technologies, Inc 
Ai 7 (708) 870-7027 
ca (708) 870-0120 Fax 

isa and MasterCard accepted 


CIRCLE NO. 233 








DID YOU KNOW? 


That to re-capture only one PCB design 
costs more than the price of an 
RSI-TRANSLATOR? 


¢ Universal Netlist Translator $ 395 
| © PCB-Translators for: 


- PADS, PCAD Redac, Tango, 
Protel and other. 995 
- Mentor, Cadence, other. 2,495 


More than 150 DOS and UNIX Translators 
available. 


For more information call 


(800) 766-1230 


: 1800 Newport Center Drive 
( Router Solutions suite 180 
Newport Beach CA 92660 
Incorporated Tel.: (714) 721-1017 
Fax: (714) 721-1019 
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| UNIVERSAL PROGRAMMERS & TESTERS 
| FLEX-700 $995 


(CONNECTS VIA PRINTER PORT) 
TUP-400 $745 


| TUP-300 $575 


= Program PLD (PAL, GAL, EPLD, PEEL 
MAPL, MAX, MACH, ...) E (E) PROM (UP TO 
16Mbit), BPROM, SERIAL PROM, FLASH, 


MPU (87XX.68XXX, 68HCXXX, PICIEXX, 


TMS320XXX, 28, PSD3KX, HITACHI, NEC...) 


} = 40 pin DIP socket standard . Expandable to support PLCC. 


(T) SOP, SOIC, QFP, PGA, SIMM/ SIP.. with up to 84 


pins. 
@ Tests TTL74, CMOS 46y 45, DRAM, and SRAM . 
# Optional EPROM EMULATION capability. 


8051 IN - CIRCUIT EMULATORS 
NICE-51 Systems from $795 


# Support: 80(C)31/80(C)32, 80051 FFB, 
8344 80(C)51,80(C)52, 800851. 
800550 ,800552,800652/6544... 

= Features include: 128K emulation memory, symbol- 
ic and C source level debuggers. 16K deep and 48 
bits wide real time trace recorder, pull down menu 
driven software, takes no space in user memory, 
1/0, interrupt, register, or stack. 


Thal Tribal Microsystems | Inc. 
l AUF) Te: (51 0)623- 8859 


FAX: (510)623-9925 
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Oh 
VMEbus 
Networking 


Hardware and Software 
Solutions for: 


® ARCnet 
® Ethernet 
® Tokenring 


® Bitbus 
® CAN 
® RS-485 


COMPCONTROL INC. 
Phone (408) 356-3817 
Fax (408) 356-1755 
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wow Little PLC™ %7o, 


TOWINOIANOD 


Program It In C 


Our new Little PLC™ measures only 4.33 x 2.85 inches 
and can mount on standard DIN rail. This miniature 
controller costs only $195, including 8 optically isolated 
inputs and 8 relay driver outputs. Low cost expansion 
cards allow you to add more inputs and outputs: digital 
and analog. It has dual RS-485 serial 1/O, battery 
backed memory and time/date clock, programmable 
timers and a watchdog. Our easy to use and affordable 
Dynamic C™ integrated development system also costs 
$195. You can write simple programs in an hour, or you 
can develop major applications with 20,000 lines of C 
language. 


Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 
(916) 757-3737 Fax: (916) 753-5141 


24 hr. Automatic Fax: (916) 753-0618 
(Call from your fax, request catalog #18) 


CIRCLE NO. 235 
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wR 1 : 665. Ds 


MADE IN USA 


20Watt 10Watt 


DC/DC Converters 
Single/Dual/Triple 
34 New Models 


Inputs: 4.6-13.2V, 9-18V, 9-36V, 18-72V 
Typical Efficiencies to 84%+ 

World's ONLY Wide Range 5V,,, 
Extended Operating Temperature 

Voyr Adjustment Capability (TRIM) 
Insulated Case (will not short PC etch) 
TTL-compatible ON/OFF control 

Metal Case Shielding 

single V ., «: 2:1 ,3-3, 9, 12, 19V 

Dual V 48, 49, 412, +15V 


out’ = 


Triple V5, £12V and §,.F15V 


po 2.00 


1 ee 800 








General Specifications 


State-of-the-Art Thermal Management 
Continuous Short Circuit Protection 
Internal Input/Outputfiltering 
Overvoltage Protection 

100% Burn-in @ Full Load 

Industry Standard Pinout & Packaging 
Very High Reliability 

Fully Encapsulated 

Delivery From Stock! 
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DC/DC Converters 
Single/Dual/Triple 
25 New Models 


Inputs: 4.7-7V, 9-18V , 18-72V 

World's Smallest Commercial 10 W 
Lowest Profile: 0.37" tall 

Typical Efficiencies of 84%+ 

Insulated Case (will not short PC etch) 
Metal Case Shielding 

World's ONLY Wide Range 5V,,. 
Extended Operating Temperature 
single V_,.- 3-3; 9; 12; 15V 

Dual V 5, +12, +15V 


OUT 


Triple V,,,;: 5,+12V and5, +15V 


200 


ht 0.600 ine 0.800 wm} 0.10 








BOTTOM VIEW 








DC/DC Converters 
Single/Dual Output 
15 New Models 


Inputs: 4.5-9V, 9-18V, 18-72V 
Switching Frequency 200 KHz (typ) 
Black Plastic Case 

Pi-type Filter (L-type all -D48) 
Typical Efficiencies to 82%+ 

Ideal for Telecomm/PCB applications 
Low Profile: 0.435" tall 

Excellent Line/Load Regulation 
1000 Vdc Isolation (min) 

V_.... 5,12 15.212, 415 


OUT" 








BOTTOM VIEW 


For complete data call or write today fora _ 
free new Power Supply catalog. DATEL, Inc., 
11 Cabot Boulevard, Mansfield, MA 02048. 
Tel: (508)339-3000, FAX: (508)339-6356. 
For immediate assistance: all USA, EST 
business hours 1-800-233-2765. 


) DVan= He | 
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J PEG coprocessor chip; it helps you de- 
velop application-specific designs based 
on the latest JPEG standard, DIS 
10918-1. A development kit consists of 
a gate-level model, production test vec- 
tors, and behavioral mi.del. The core is 
part of LSI Logic’s CoreWare library. 
Price varies with the quantity of ASICs 
and the process technology used. LSI 
Logic Corp, 1551 McCarthy Blvd, Mil- 
pitas, CA 95035. Phone (408) 433-8000. 

Circle No. 462 


Image-browsing tool. Kudo Image 
Browser handles cataloging, browsing, 
and retrieval of graphics files, seanned 
photos, Quicktime movies and Kodak 
Photo CD images. The tool is compat- 
ible with desktop publishing and multi- 
media packages such as Adobe Pho- 
toshop and Premier, Aldus Pagemaker, 
Quark XPress, and Macromedia Direc- 
tor. You can search using a scroll bar, 
a find command, or a riffle feature that 
displays images sequentially at about 
10 frames/sec. For the Mac, $295. 
Imspace Systems, 4747 Morena Blvd, 
Suite 360, San Diego, CA 92117. Phone 
(800) 949-4555; (619) 272-2600, ext 4100; 
(619) 272-0593. Circle No. 463 


CAE & Software Development Tools 


User interface for analog simula- 
tion tools. Easi (Environment for Ana- 
log Simulation) gives you one user in- 
terface to the maker’s linear and non- 
linear circuit-design tools called Super- 
Compact V3.0 and Microwave Har- 
monica V3.0. Using the X-Window sys- 
tem from MIT and the OSF-Motif stan- 
dards, the interface simplifies entering 
and editing circuit netlists and using 
dialogue boxes to analyze, tune, and op- 
timize your circuit. The software also 
helps you set up tabular and graphics 
plots of simulation data. For Sun, HP, 
and DEC workstations, US $13,500 to 
$23,700. Compact Software Inc, 483 
McLean Blvd, Paterson, NJ 07504. 
Phone (201) 881-1200. Circle No. 464 


Tool for designing dc/dc convert- 
ers. SwitcherCAD lets you use a PC 
to design de/de converters based on the 
maker’s switching regulator ICs. You 
input operating parameters such as in- 
put and output voltages, load current, 
output ripple, and isolation, and the 
program selects the appropriate circuit 
topology and offers a selection of ICs 
to implement it. The program also se- 
lects other components for the con- 


verter such as input and output capaci- 
tors, inductor, diode and output filter, 
and calculates operating conditions for 
the selected components. The software 
lets you select either Experienced or 
Novice mode, depending on your back- 
ground in power-supply design. $20. 
Linear Technology Corp, 1630 Mc- 
Carthy Blvd, Milpitas, CA 95035. 
Phone (800) 637-5545; (408) 432-1900. 
Circle No. 465 


Component information system. 
The added features of CIS 1.1 to the 
previous version include a user-config- 
urable interface for customizing search 
and results windows; enhanced integra- 
tion with CAE tools for improved 
searches; operation with all features of 
military components; enhanced com- 
parison of components; and better man- 
agement of in-house data and documen- 
tation from third-party sources. CIS 1.1 
runs in client-server mode on Unix 
workstations. $50,000 to $250,000, de- 
pending on number of authorized users. 
Aspect Development Inc, 4410 El 
Camino Real, Suite 208, Los Altos, CA 
94022. Phone (415) 941-2525. Fax (415) 
941-9757. Circle No. 466 





Perhaps there is something almost 
as reliable as our solid- state relays, after all. 


AT&1I's LH1500 family of Solid-State Relays offer more 


functionality for less money, while providing OT Ls 


current limiting circuitry. 


Reliably single-chip, our LH1500 devices J 


ensure bounce-free operation, eliminate , 


EMI, offer low power draw and 
enhanced surge protection. 
Our LH1527/1537 (400V & 250v) » 









Relays are the first “true” Form C Pitan with a single- 






fe before-make operation. 


©1993 AT&I 


_ chip design that guarantees break- 


a The LH1571 is UL recognized, while the 
m =1HI514 and LH1527/1537 are UL recognized, CSA 
ys certified and BABT certified. (Shown actual size) 








Our LH1514 Relay is the first to 


y, : S eslocaii in high-frequency (up to 50 MHz) 
’ low on- resistance applications, proving that, 
fF yes, T1 switching can go solid-state. 

Our LH1571 Protected Power Feed Relays 
lower the cost of providing UL safety protection while 


switching battery voltage to digital lines. 


AI&I Solid-State Relays. 
AI&I Reliable. 


For more about our state-of-the-art LH1500 family, just 
call AT&T Microelectronics 1 800 372-2447, ext. 912. 


== ATer 





Microelectronics 


ee” 
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Only $851 for iceMASTER-PE 


The world’s most innovative emulator for members of the 
8051 family is incredibly affordable. MetaLink’s unique 
Advanced Emulation Technology (AET, patent pending) delivers 
the best possible emulator value for engineers, consultants and 
students. 


AET is a revolutionary design architecture that provides more 
features with 75% fewer components, smaller board space and 
lower cost. Emulator and probe electronics are integrated in a 
single package only 3" by 4”. 

Metalink also delivers leading-edge customer service, including 
a 30 day money back guarantee, 10 day trial for qualified 
customers, rental plans and free technical support. 


*® Upto 40 MHZ Operation is SUPPORTS 8031/8032'S 
ss 64K Emulation Code Memory Se SUPPORTS 8X(751/8X(752'S 


a: 


ag 

4 64K External Data Memory  &@ +Windowed User Interface 
si 128K Hardware Breakpoints © Serial Link to Any PC 

iw 16K Trace Memory & Macro Cross Assembler 
ag 





> is Transparent Trace _ 
> (View Trace While Executing) 


@ Real Time & Nonintrusive 


«@ Symbolic & Source- 
Level Debug -<e 


@@ Builtn Self-Test 
Call today for FREE DEMO DISK! 


(800) METAICE (800) 638-2423 (Er) 


MetaLink Corporation P.O. Box 1329 Chandler, Az 85244-1329 (gma, 
Phone: (602) 926-0797 FAX: (602) 926-1198 CJ 
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BIG 30 watt, 
universal input 
power supply in 
a small 3”x5” size 


Zenith’s small power supply is full of BIG surprises: 


Open-frame 
or enclosed 
configuration 
available 


& Singe and dual output configurations 
also available 


@ UL, CSA, IEC and VDE/B appproved 
@ UL 544 and IEC 601 applied for 


@ 1 year warranty from Zenith 
— a leading worldwide OEM 
supplier with over 70 years 
of electronics SS 


@ Universal input with increased 
power density 


@ No minimum load 
requirements 


@ Automatically operates from 
any voltage between 90-265 
VAC or 120-364 VDC 


® Triple Output, + 5 and + 12 


Bnet eal — = 
DC Amps Amps 
(Nominal) (Min/Max) canal ‘ues ‘uel (Min/Max) 


Inquire about our 45 watt, sage. dual or triple oui 3” x 5” power supply. 
Glenview, IL 60025-2493 


EMITH 
Fax: (708) 391-8569 


U.S. and International Stocking Distributors 


Maximum 
Output 
Power 
(Watts) 


Zenith 
Model 


magnetics 


4000 Milwaukee Avenue 


For more information call: 


4-800-827-8720 


At Zenith, the quality goes in 
before the name goes on!® 
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to assist with loading and testing CFI 
DR-compliant databases, and a develop- 
ment test for the DR-PI. Single-user 
license, $6000; unlimited site license, 
$30,000. CAD Framework Initiative 
Inc, 4030 W Braker Lane, Suite 550, 
Austin, TX 78759. Phone (512) 388- 
3739. Fax (512) 338-3853. Circle No. 458 


Timing-driven crosstalk-analysis 
tool. DF/Signal Integrity is a timing- 
driven crosstalk-analysis product for 
designers of multichip modules (MCMs) 
and pe boards. It does not assume, as 
other tools do, that adjacent signals 
switch simultaneously. The tool en- 
hances the crosstalk-driven routing ca- 
pabilities of Cadence’s Allegro Physical 
Design System. It runs on Unix work- 
stations from vendors that include 
DEC, HP, IBM, and Sun. $21,000 to 
$45,000, depending on configuration. 
Cadence Design Systems Inc, 555 
River Oaks Parkway, San Jose, CA 
95134. Phone (408) 943-1234. Fax (408) 
943-0513. Circle No. 459 


Real-time OS kernel. Release 2.5 of 
the C Executive, a ROMable, multi- 
tasking OS kernel for real-time embed- 
ded systems, will run on 80386 and 
80486 Ps. Control can pass from DOS 
to the C Executive, and from the C Ex- 
ecutive to DOS, without rebooting. A 
standard PC can serve as a devel- 
opment system and a prototyping sys- 
tem. Price of the kernel depends on 
type and quantity of application. JMI 
Software Consultants Inc, Box 481, 
904 Sheble Lane, Spring House, PA 
19477. Phone (215) 628-0840. Fax (215) 
628-0353. Circle No. 460 


Image-development tools for Win- 
dows. Glide, an image-analysis soft- 
ware- -development package, includes a 
library of imaging functions plus proto- 
typing and debugging tools. It lets you 
create prototypes, without program- 
ming, within a Windows application. It 
then generates C code to execute your 
prototype functions. The package in- 
cludes Global Lab Image, an image- 
analysis application program, and a 
companion dynamic link library (DLL). 
$3495. Data Translation Inc, 100 
Locke Dr, Marlboro, MA 01752. Phone 
(508) 481-3700. Fax (508) 481-8620. 
Circle No. 461 


JPEG image- compression ASIC core. 
The CW702 JPEG image-compression 
core derives from LSI Logic’s L64702 









All new TangoPRO, a premier line of PCB design tools developed for the engineering professional. 
Workstation-caliber performance and productivity on the PC plus Microsoft Windows’ ease-of-use. 
TangoPRO integrates advanced PCB layout; fast, high-completion autorouting; and component 
library management. An outstanding tool for use on both digital and analog board designs. 


- Breeze Through Difficult PCB Designs with Powerful TangoPRO 















TangoPRO gives maximum flexibility, while making complex functions easy to use. TangoPRO highlights include: 
= 32-bit architecture for optimum accuracy and performance plus unlimited components per design 

= Sub-micron database with uniform and non-uniform grids down to .0001 inch or .01 mm 

= Copper pour with backoff and “plowed” tracks 

= Rotation of items down to .1 degree 

= Pad stacks, blind/buried vias and curved tracks 


= A world-class autorouter with unique “rip-up and reconstruct” algorithm for fast, 100% completion and 
manufacturable results 





TangoPRO PCB - [LED21.PCB} 


yee Edit View Place Route Options Library Sean Macro Help Test See How TangoPRO Can 
| FIA ays Start Working for You 


Serious about printed circuit boards? TangoPRO 
provides solutions to your most complex design 
challenges. TangoPRO helps you create more polished 
and professional designs faster and easier than any 
other PCB tool set. 







You'll see an immediate payback on your investment. 
And every Tango® product ships with the quality, 
service and support that have made ACCEL 
Technologies a leader in electronic design. 


Find out for yourself why Tango is the fastest growing 
oy f | name in EDA. Call for a personal sales presentation 

Ps nearer A ae full-function evaluation package. TangoPRO for 
Click <Left> to single ‘Select <Shift><Left> for multi le, or Drag for Block Select. Windows or Tango for DOS — your choice for 


160.00 , 140.00 
EDA solutions. 











800 488-0680 for FREE EVAL 
ACCEL Technologies, Inc. 

6825 Flanders Drive 

San Diego, CA 92121-2986 
619/554-1000 

619/554-1019 Fax 
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The common sense choice for motion control is 
Novotechnik’s uncommon sensor — the TR/TRS long-life position sensor. 

The TR/TRS series features double bearing systems on both actuator 
shaft and spring, reducing side load errors and leading to independent linearities of 
up to 0.075%. Insensitive to shock and vibration, the sensor has a typical lifetime of 
100 x 10° operations with resolution better than 0.002mm. 

The shaft of the TR/TRS is fitted with a special collar for use with auto- 
matic retraction systems; when fully retracted, the spring is completely protected by 
its DIN standard gauging head. The sensor is available with either a stress-relieved 
3-conductor cable (TR) or plug-and-socket connection (TRS), and comes in four 
electrical stroke lengths: 25, 50, 75, and 100mm. 

For Novotechnik’s full line catalog of potentiometers, sensors and trans- 
ducers, call or write: 


I a IK Novotechnik U.S. Inc. 
novo CC Al Transducers 
Siedle Group 237 Cedar Hill Street 
Marlborough, MA 01752 
Telephone: (508) 485-22 44 
Fax: (508) 485-2430 
CIRCLE NO. 86 



















PCB MOUNTABLE 
9V BATTERY HOLDER 


BHSV-PC 


Male/female snap 
fastener terminals 
assures proper 
polarity. 











Mounts in 
any position 

battery always a 
held securely a 

in place. 











Fits all 9V cells 
-alkaline, 
carbon zinc 
and carbon. 


\ 








Temp. range 
-40°C to +85°C 









No need 
for snap-fit 
cables 










Resistant 
to most 
solvents 






Corner 
footpads 







Can be 


Space allows ease : soldered 
of flux solder wash on PCB 


For Memory Back-Up or Power Source 


Use these handy BH9V-PC battery holders in microcomputer 
memory back-up systems, microprocessors, telecommunica- 
tion equipment, etc.; or for power source in computer real time 
clocks, radios, smoke alarms and other appliances. 

Black, high impact ABS plastic ¢ Nickel-plated brass snap 
fastener terminals ¢ Easy insertion and removal of batteries 
e Super efficient and economical e Custom holders available. 












Nickel-plated spring steel 
PCB mountable contacts 





A full range of 
battery products 
available from 








@ Now available with .110” quick fit/solder lugs. 
For all the details, call or write today. nh 
Memory Protection Devices inc 
320 Broad Hollow Rd., Farmingdale, NY 11735 Send for your 
(516) 293-5891 ° FAX: (516) 752-1971 free catalog today. 
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Equation editor for Windows. 
Wiziword 3.0 is a WYSIWYG product 
that combines document processing, ob- 
ject-oriented drawing, plotting, equa- 
tion editing, and both text and graphics 
filters. The equation editor is based on 
TeX, the markup language developed 
by Donald Knuth. The package is avail- 
able for Windows, Macintosh comput- 
ers, and most popular workstations. 
Windows version, $595; Macintosh ver- 
sion, $395; workstation versions, $695. 
Microsystems Engineering Co, 2500 
W Higgins Rd, Suite 950, Hoffman Es- 
tates, IL 60195. Phone (708) 882-0111. 
Fax (708) 882-8397. Circle No. 456 





Motion-picture file manager for 
OS/9, OS/9000. The Motion Picture 
File Manager (MPFM) runs on OS/9 and 
OS/9000 and allows real-time playback 
of MPEG-encoded audio and video files. 
MFPM is available with video drivers 
for the Motorola MCD250 and the C- 
Cube CL450 MPEG video decoders. It 
is also available with audio drivers for 
the Motorola MCD260 and the Analog 
Devices ADSP2105 DSP chips. The 
software is compliant with the ISO 
11172 standard. $50,000. Microware 
Systems Corp, 1900 NW 114th St, Des 
Moines, IA 50325. Phone (800) 475-9000. 
Fax (515) 224-1352. Circle No. 457 


CFI Design Representation toolkit. 
The Design Representation (DR) 1.0 
Toolkit provides a set of basic tools to 
assist understanding and using Release 
1.0 of the CAD Framework Initiative’s 
(CFI) Design Representation Standard. 
That standard provides an information 
model and a programming interface that 
an EDA tool or design database can use 
to share netlist information with other 
DR 1.0-compliant tools and design data- 
bases. The toolkit provides tools for de- 
veloping and testing both applications 
tools and design databases. It contains 
a copy of the DR standard, an example 
implementation of the Design Repre- 
sentation Programming Interface (DR- 
PI), data for an example circuit, tools 
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COCOMO software cost-estimation 
tool. Costar, an interactive tool for esti- 
mating the cost of software develop- 
ment, is based on the Constructive Cost 
Model (COCOMO) defined by Dr Barry 
Boehm in Software Engineering Eco- 
nomics. It produces estimates of a pro- 
ject’s duration, staffing, and cost, so 
you can make trade offs and experiment 
with “what if’ analyses to produce a 
project plan. You can use the tool dur- 
ing your project’s definition phase to 
get early estimates and then produce 
more accurate forecasts as you refine 
your knowledge of the system you’re 
developing. Versions are available for 
PC and VAX. Single copy, $800; site 
license, $3500. Softstar Systems, 28 Po- 
nemah Rd, Amherst, NH 03031. Phone 
(603) 672-0987. Circle No. 449 


Signal-integrity tools. The Aztec 
tools analyze signal integrity for ICs, 
MCMs, and pe boards. Different tools 
calculate parameters, simulate wave- 
forms, and model ground planes. They 
run under X11R4 and OpenWindows on 
Sun workstations, and they are avail- 
able with or without a Spice file genera- 
tor. Individual tools from $5000 to 
$15,000; package, $35,000. Arizona 
Packaging Software Inc, 1840 E River 
Rd, Suite 100, Tucson, AZ 85718. Phone 
(602) 577-8886. Fax (602) 577-0687. 
Circle No. 450 


Visual programming tools for Win- 
dows, NT. New visual programming 
tools for Windows and Windows NT in- 
clude the Visual C++ development 
system, the Delta version-control sys- 
tem, the Microsoft Developer Network 
(MSDN), and the Visual Control Pack. 
MSDN provides technical and strategic 
developer information; the Visual Con- 
trol Pack is a collection of custom con- 
trols for the Visual C+ + or the Visual 
Basic programming system. Visual 
C+ +, $199 (standard version) and $499 
(professional version); Delta, $499; 
MSDN, $195 per year; Visual Control 
Pack, $199. Microsoft Corp, 1 Micro- 
soft Way, Redmond, WA 98052. Phone 
(206) 882-8080. Circle No. 451 


GUI tool and X-Base conversion 
tool. GUI Assist helps you develop gra- 
phical user interfaces for OS/2 applica- 
tion programs, taking advantage of Mi- 
crosoft’s Visual Basic and Windows. In 
most cases, you can create Windows- 
like presentations for DOS programs 
without rewriting any of the original 
code. Another tool, X2c, lets you recom- 


SEs 





CAE & Software Development Tools 


FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 


cards to get more information on 
any of these products. 





pile X-Base application programs to C 
for OS/2. GUI Assist, $125; X2c, $995. 
TSLI Inc, Executive Court One, 2295 
Corporate Blvd NW, Boca Raton, FL 
30431. Phone (407) 994-4466. Fax (407) 
994-6304. Circle No. 452 


Run-time error detection for C and 
C++. Purify 2, for use with C and 
C++ on Unix systems, eliminates run- 
time memory-access errors and memory 
leaks. It includes an incremental linker 
and, for remote error reporting, a mail 
mode. The tool’s features shorten build 
times and thus speed code testing. 
$4000 per floating network license. 
Pure Software Inc, 1309 S Mary Ave, 
Sunnyvale, CA 94087. Phone (408) 720- 
1600. Fax (408) 720-9200. Circle No. 453 


VHDL libraries for ASICs. Designers 
who use AT&T’s 0.6- and 0.9-~P CMOS 
cell libraries, with 3V and 5V options, 


High Performance 


can now use Synopsys’ VHDL System 
Simulator. The libraries have support 
for full timing and back-annotation, let- 
ting you specify and validate ASIC- 
based system designs and evaluate per- 
formance within the Synopsys design 
environment. The Synopsis simulator 
provides full support for IEEE-1076 
VHDL. Price for library use depends 
on ASIC contract. AT&T Microelec- 
tronics, Dept AL-500404200, 555 Union 
Blvd, Allentown, PA 18103. Phone (800) 
372-2447, ext 860; in Canada, (800) 553- 
2448, ext 860. Fax (215) 778-4106. 

Circle No. 454 


Data-acquisition and -analysis soft- 
ware for Windows. Snap-Master 2.0 
lets engineers and scientists acquire, 
display, analyze, and output data. It in- 
tegrates sensors, transducers, and sig- 
nal conditioning with a data-acquisition 
system. The new version includes sup- 
port for Dynamic Data Exchange 
(DDE), zooming and panning for large 
files, multiple cursors, and event mark- 
ers. $1985. HEM Data Corp, 17336 
Twelve Mile Rd, Southfield, MI 48076. 
Phone (313) 559-5607. Fax (313) 559- 
8008. Circle No. 455 





Thermal Line Printers 


Unlock Door 





sert Roll 


In Printer Press Here To Lock Door 


Printrex thermal line printers have an 
innovative paper handling system that allows 
the user to reload paper in seconds without 
any threading or alignment. The user simply 
inserts the paper carrier, closes the door and is 
ready to print. 


The complete, integral paper handling system 
relieves the OEM of any need to design and 
fabricate any parts for paper handling. 


Printing widths of 2 inches, 4 inches or 
8 inches. 


Printing speed up to 15 lines per second. 


150 or 200 dots/inch. 


2148 Bering Drive, San Jose, California 95131 
(408) 428-1877, Fax (408) 428-1899 
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PICTURE YOURSELF BEHIND THE 
MosT POWERFUL SCHEMATIC 
_ SOFTWARE EVER. 
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GET SCHEMAx FOR WINDOWS NOW AND SAVE $250. 


Introducing SCHEMAx - created by applying the philosophy of In addition, SCHEMAx lets you move your design to any PCB 
SCHEMA III, OMATION'S powerful schematic capture software to layout, PLD compiler or simulation program, as well as back 
Windows, the most powerful software interface. The result offers annotate your ECOs from your competitive package to SCHEMAx. 
you a universal schematic capture package that blows all other It's hard to picture a more powerful combination. 


competitive programs away. 
TRY SCHEMAx FOR FREE! BUY SCHEMAx AND SAVE UP TO $250. 


SCHEMAx OUTPERFORMS OTHER SCHEMATIC CAPTURE 


PROGRAMS AND MAKES YOUR WORK EASIER WITH Order your FREE demonstration disk from OMATION, and test 
WINDOWS! drive SCHEMAx for Windows. Better yet, save $250 off our already 
low $595 price by trading your old schematic capture software - no 
SCHEMAx offers you more than the ease and matter what brand it is - when you buy new SCHEMAx from 


OMATION. Owners of SCHEMA schematic capture can 
upgrade to SCHEMAx for just $149. 

Any way you look at it, SCHEMAx for 
Windows is the most powerful schematic 
capture software ever. And at these rates, it's 

also the best value. 
Call OMATION and order yours now! 


flexibility of a Windows interface. With SCHEMAx 
schematic capture you get more capabilities than 
with any other PC-based programs or worksta- 
tions, with features like these: 

> Autorouting signals around components 

» Parts scaling 

> Continuous zoom 

>» Combined parts select and browse 

> Flexible regions - and more! 





OMATION, 801 PRESIDENTIAL DRIVE, RICHARDSON, TEXAS 75081 1-800-553-9119 
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HIGH POWER 
FACTOR 


Custom Switching Power Supplies 
for @Engineering work stations 
@ Computer main frames 
@ Computer peripheral equipment 
eBusiness equipment 










[Frequency: [5 MHz to 10 MHz Ee 


| Frequency ee Ss 
| Stability: +1x1080°Cto +50°C |} ° 


| Aging: 5 x 10-1/day after 30 days| . 


. | Output: Sine Wave +13 dBm A ; 
ag with 50 ohm load Le, 


+ | Single Sideband -125 dBc/Hz 
» | Phase Noise: 100 Hz -145 dBc/Hz 
1,000 Hz -150 dBc/Hz 


100 Khz -150 dBc/Hz @ High power factor 0.99 


| Power Supply: | +12Vdc + 10% Ka @ Design, manufacturing in Japan 


(Sie 3.030" x 1.530" @ Repair center in U.S.A. 


FDK also specializes in DC-DC converters, hybrid ICs, memory 
fh: enue ea “ ave isolators, etc. 
Your Best Strategic Partner 


cards, ferrite cores, lithium batteries, stepper motors, optical 
DK F' DK AMERICA, INC. 


Sod. A Division of Fuji Electrochemical Co., Ltd. 
“ ‘. San Jose Office: 3099 North First Street, San Jose, CA 95134, U.S.A. 


gg. +» t Gra : TEL: 408-432-8331 FAX: 408-435-7478 
© PO. Box3428, Brie, PA 16508” 


Bc AEM 420, E aay Dallas TEL: 214-650-7742 FAX: 214-650-7792 
(814) 838-3571 * Fax: (814) 833-22. Boston TEL: 617-487-3198 FAX: 617-487-3199 


@ Telecommunicati: 
@et | 
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AMD 29K™ FAMILY 
SUPPORT 






Introducing Raltron’s 
Surface Mount 32.768 KHz — 


WITH AMD AND 
ork Crvstal.. CORELIS 
RISC IS NO RISK! 


LOW-COST, NON-INTRUSIVE 
DEVELOPMENT TOOLS ARE 
AVAILABLE NOW FROM 

CORELIS FOR: 












Am29000 

Am29050 
Am29030 
Am29200 


: Am29205 
RALT RO | CORELIS TOOLS 
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Low profile 
Small plastic package 
Tape and reel 








High reliability ELECTRONICS CORP. INCLUDE: 

Frequency: ? 

39-768 KHz sith See Bau ot * PRE-PROCESSORS FOR HP LOGIC 
S.A. ANALYZERS 

Frequency FAX (305) 594-3973 e BOUNDARY SCAN EMULATORS 

Tolerance: TELEX 441588 RALSEN * COMPILERS, ASSEMBLERS, AND 

+30 ppm @ 25°C (305) 593-6033 SOURCE- LEVEL DEBUGGERS 

Dimensions: 

9.4mm length ONLY RALTRON HAS IT ALL. 

4.0mm width Crystals / Crystal Oscillators SSsilinz=is 12607-H Hidden Creek Way 

3.3mm height Crystal Filters / Ceramic Resonators Cerritos, California 90701 


Tel: (310) 926-6727, Fax: (310) 404-6196 
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CAPS’ puts the whole world of PLD 
and FPGA devices in the palm 
>, Of your hand for only $495! 


ince the beginning of time, people have been 

searching the world over to find ways to do 

things quicker, better, cheaper. Now, Cahn- 
ers CAPS (Computer Aided Product Selection) 
introduces CAPS PLD, a CD-ROM-based database 
containing information on over 16,000 PLD and 
FPGA devices with more than 15,000 pages of 
technical documentation. 



















__ KNOWLEDGE IS THE KEY TO SUCCESS 


CAPS PLD takes the burden of researching 
PLD, complex PLD, and FPGA devices off 
your shoulders and puts knowledge into your 
hands. You receive a complete reference source 
of part numbers, parameters, alternate sourcing 
and technical documentation on one convenient 
CD-ROM disc all for the low cost of only $495.* 





SAVES TIME... 
INCREASES PRODUCTIVITY 


CAPS PLD complements your PLD design tools by 
providing in-depth technical information 

and documentation from more than 40 of the 
leading PLD manufacturers to save you hours 

of research time. Now that’s productivity! 


“Quarterly updates available for a nominal fee. 


CAPS PLD™... A World of Knowledge in Your Hands 


COA ON: BEAR'S 











Available through: ; 
Computer Aided 
Product Selection 


LOGICAL Call 1-800-331-7766 ext.CAPS 


DEVICES, INC. for your free demo disc 
Logical Devices, Inc. 










692 South Military Trail 


CAPS PLD contains 


thousands of pages of Application | Deerfield Beach, FL 33442 CAPS PLD Bune Me 
Notes, Data Sheets and Technical with a Hitachi CD-ROM 
Documentation CIRCLE NO. 103 Drive for $995. 
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SOOM- to 2G-sample/sec DSOs. 
Four new DSOs replace older members 
of the vendor’s 54500 series. The new 
units have real-time sampling rates that 
range from 500M to 2G samples/sec, 
bandwidths from 125 to 500 MHz, two 
or four channels, prices from $9500 to 
$21,000, and delivery times from 6 to 
16 weeks, ARO. Each scope features a 
1.44-Mbyte MS-DOS-compatible floppy- 
disk drive and 32k points of memory 
per channel. The scopes trigger on 1- 
nsec glitches and perform FFTs. All 
units offer a sequential single-shot mode 
that allows segmentation of their memo- 
ries into multiple records, enabling the 
storage of multiple events, even those 
that occur in rapid succession. A time- 
tag feature stores each event’s time of 
occurrence. To prevent aliasing, the 
two 2G-sample/sec-max scopes offer a 
peak-detect mode in which they never 
take fewer than 1G samples/sec. To 
avoid overrunning their memories, the 
scopes store only the highest and lowest 
values acquired during the display in- 
terval and plot a vertical line between 
them. Hewlett-Packard Co, Box 58059, 
MS 51L-SJ, Santa Clara, CA 95051. 
Phone (800) 452-4844. Circle No. 441 





Credit-card-size data logger. The 
GCAT2000/3000 card pair, which is 
based on the CT F8680 80386-compat- 
ible CPU, can boot from MS-DOS in 
ROM and drive a 640 x 200-pixel LCD 
or CRT. Each card measures 2.6 x 3.4 
in. The unit includes a 6-channel, 13-bit 
ADC with 10-ysec conversion time. A 
FIFO memory stores series of ADC 
readings. Also included are floppy- and 
hard-disk controllers, a parallel port, 
two serial ports, a mouse port, a slot 
compatible with the Personal Computer 
Memory Card International Association 
standard, a clock calendar, a negative- 
voltage generator for LCDs, 1 Mbyte 
of DRAM, and 512 kbytes of ROM. 
$799. Saelig Co, 1193 Moseley Rd, Vic- 
tor, NY 14564. Phone (716) 425-8753. 
Fax (716) 425-3835. Circle No. 442 
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60- to 200-MHz, 2- and 4-channel 
analog scopes. The TAS 400 series 
now includes true 4-channel units with 
100- and 200-MHz bandwidth, in addi- 
tion to the 2-channel 60- and 100-MHz 
units introduced last year. The new 
models (100-MHz, $2395; 200-MHz, 
$3495) offer user interfaces similar to 
those of the vendor’s TDS series of 
DSOs. This similarity allows someone 
familiar with one series to immediately 
use scopes from the other. Although 
some competitive 4-channel scopes in- 
clude only limited attenuators on two 
channels (so-called 2+2 models), these 
4-channel units provide full attenuators 
on all channels. Tektronix Inc, Box 
1520, Pittsfield, MA 01202. Phone (800) 
426-2200. Circle No. 443 


Remote data-acquisition system. 
Each DVT Series 50 unit has eight digi- 
tal I/O lines and eight analog inputs. 
Each unit includes an RS-232C port, a 
printer port, and a modem. The intelli- 
gent modules can perform autocalibra- 
tion, check inputs against limits, and 
provide alarm outputs. From less than 
$500. Dancer Communications Ine, 
114 Walnut St, Morton, PA 19070. 
Phone (215) 543-8066. Fax (215) 5438- 
2151. Circle No. 444 


Dual-channel frequency synthesiz- 
ers. The PTS 620 provides two inde- 
pendent 1- to 620-MHz synthesizers in 
a single 5'4-in.-high, rack-mountable en- 
closure. The units, which you program 
by supplying parallel TTL, binary- 
coded-decimal inputs, provide 0.1-Hz 
resolution from 1 to 310 MHz and 0.2-Hz 
resolution above. In the decades from 
100 kHz to 0.1 Hz, switching is phase 
continuous. The oven-controlled fre- 
quency standard is stable to 3 ppb/day 
and 1 ppm/year. $12,725; delivery, 60 
days, ARO. Programmed Test Sources 
Inc, Box 517, Littleton, MA 01460. 
Phone (508) 486-3008. Fax (508) 486- 
4495. Circle No. 445 


4-GHz-timing/1-GHz-state logic- 
analysis modules. The 16515A, 
16516A, 16517A, and 16518A are plug- 
in cards for the 16500A and B logic- 
analyzer mainframes. On eight channels 
per card, the plug-ins do timing analysis 
at 4G sample/sec and state analysis at 


1G sample/sec. A mainframe accepts 
five cards, and you can add one expan- 
sion unit that accepts five more. Cutting 
the sampling rate in half doubles the 
number of channels per card. The mas- 
ter plug-in for state and timing analysis 
costs $13,500; the slaves cost $13,000 
each. The master plug-in for timing 
analysis only costs $9185; slaves cost 
$8160 each. Delivery is 16 to 20 weeks, 
ARO. Hewlett-Packard Co, Box 58059, 
MS 51L-SJ, Santa Clara, CA 95051. 
Phone (800) 452-4844. Circle No. 446 





DSO with advanced communication 
capabilities. The ScopeStation 140, a 
100-MHz-bandwidth, 200M-sample/sec 
scope, can send faxes of waveforms. The 
4-channel DSO features direct connec- 
tion to Ethernet networks. To prevent 
aliasing, the scope—which includes a 
3'4-in. floppy-disk drive as well as RS- 
232C and Centronics ports—always 
digitizes at full speed. At lower sweep 
speeds, to avoid overrunning its 2k- 
sample per channel memory, it stores 
only the maximum and minimum values 
in each sampling interval and connects 
them on the screen with a solid vertical 
line. Less than $5000. LeCroy Corp, 
700 Chestnut Ridge Rd, Chestnut 
Ridge, NY 10977. Phone (914) 578-6035. 
Fax (914) 425-8967. Circle No. 447 


Programmer for PIC16C71 18-pin 
pP. The $144.95 Picquick programmer, 
which connects to the parallel port of 
an MS-DOS PC, programs both the 
EPROM and one-time-programmable 
versions of the low-cost microcontroller. 
The programming algorithm is the one 
suggested by the IC manufacturer. 
Eltronics Ltd, 704-33 Orchardview 
Blvd, Toronto, Ont Canada M4R 2E9. 
Phone (416) 483-7678. Fax (416) 483- 
2406. Circle No. 448 
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Switching Power Delivers 
LOW PROFILE 300-500-800 Watts COMPACT SIZES 







= Universal Input = Isolated Outputs * High Efficiency 
= Current Share «= EMI, VDE A/FCCA = Power Good Signal 
= Cost Effective = Soft Start = 50 C. Full Power 
= Up to Five Outputs = Thermal Shutdown = N+] Parallelable 
= SELV Construction = Fully Regulated = Standard-proven Product 
= Up to 120 Amps = Short Circuit Proof = System or SELF Cooling Option 

OFSX 500 SF 

500 Watts 
5” wide x 2.6” high x 11.75” long 

5 VDC @ 75 Amps OFSX 800 SF 

12 VDC @ 10 Amps 800 Watts 

2 VDC @ 20 Amps 5” wide x 2.6” high x 13.5” long 

OFSX 300 SF wages. 5 VDC @ 110 Amps 

300 Watts eae 12 VDC @ 20 Amps 


12 VDC @ 10 Amps 


5” wide x 2.6” high x 8.5” long 24 VDC @5A 
mps 


5 VDC @ 40 Amps 
12 VDC @ 10 Amps 
12 VDC @ 3 Amps 
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Telecommunications, Imaging, Medical and Computer Systems 


Call or write jor our free Catalog - 


Switching Power Inc. 


3601 VETERANS HIGHWAY, RONKONKOMA, NEW YORK 11779 
TEL. 516—981-7231, 1—-800—456-8118 
FAX 516—981-7266 
SUNNYVALE, CALIFORNIA SALES OFFICE 
TEL. 408—732-1230, FAX 408—732-5712 
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Computers & Peripherals 


enclosure and does not require you to 
open the PC for installation. It connects 
in-line with the keyboard cable; a small 
temperature probe extends into the PC 
through any opening on the rear of the 

C. $49.95. Sibex Inc, 1040 Harbor 
Lake Dr, Safety Harbor, FL 34695. 
Phone (813) 726-4343. Circle No. 476 


Rack-card short-range modem. 
Model 1080RC 2U rack-card short- 
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Any Way You Figure, Mizar’s 
DSP Engine Is The Solution. 


feAGeaon in VME, eae partne 
with Texas Instruments, the leader in 


DSP technology, to bring this TI- 
designed product to the military and 
commercial markets. 

The high throughput of the 
Quad ’C40 DSP Engine is achieved by 
four TI TMS320C40 DSP chips 
interconnnected on a single VME 
card for a total of 200 MegaFLOPS. 
Coupled with this powerful 
architecture is a wealth of software 
tools like SPOX, C, OS/9, VxWorks 





oron any of our data acquisi onand_ 
YO products. 


1-800-635-0200 


MIZAR 


Your Source for Solutions 
2410 Luna Road 
Carrollton, TX 75006 
(214) 277-4600 (214) 277-4666 FAX 


Mizar is a registered trademark of Mizar Digital Systems, Inc. 


Other names are trademarks of their respective manufacturers. 
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range modem provides RS-232C data 
rates to 19.2 kbps over one or two un- 
conditioned twisted pairs. The modem 
works with both software (X-On/X-Off) 
and hardware (RTS/CTS) handshaking 
and has built-in V.54 loopback test and 
V.52 bit-error-rate test. Transmissions 
as far as 10 mi are possible over #24 
AWG twisted-pair wire. $279. Patton 
Electronics Co, 7958 Cessna Ave, 
Gaithersburg, MD 20879. Phone (301) 
975-1000. Fax (801) 869-9293. 

Circle No. 477 


VME SCIM expansion board. The 
VSIP 6U slave VME board accepts as 
many as four standard or custom mod- 
ules that comply with specifications of 
the Standard Computer Interface Med- 
ule (SCIM) bus. Modules for the open- 
architecture SCIM mezzanine bus pro- 
vide analog and digital I/O, memory, 
graphics, and communications func- 
tions. Use of the modules reduces the 
board count of most VMEbus systems 
by at least one. $450; SCIM modules, 
from $120. Arcom Control Systems 
Inc, 13510 S Oak St, Kansas City, MO 
64145. Circle No. 478 


Image-processing modules. The 
TIM-40 CFG frame grabber and the 
TIM-40 CD color-display boards adhere 
to the TIM-40 industry standard. The 
boards allow data transfers at 20 
Mbytes/sec to other TIM-40 modules for 
distributed image processing. The prod- 
ucts support the 3L Parallel C compiler 
and the Helios operating system. Each 
board uses a TMS320C40 parallel DSP 
chip. CFG, £4000; CD, £4500. NEL, 
East Kilbride, Glasgow G75 0QU, Scot- 
land. Phone (44)(41) 607-272-4417. Fax 
(44)(41) 607-277-2200. Circle No. 479 


Industrial computer with SVGA. The 
Model 8540-RV rack-mount industrial 
computer includes a 14-in. Super VGA 
monitor with a 13-in. diagonal viewing 
area. The unit’s front panel conforms 
to NEMA specifications; a lockable door 
on the panel conceals controls and con- 
nectors for security. The unit measures 
19 x 12.22 x 24 in. and includes a 250W 
power supply. $3995. Industrial Com- 
puter Source, 10180 Scripps Ranch 
Blvd, San Diego, CA 92181. Phone (619) 
271-9340. Fax (619) 271-9666. 
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PC/104-based PCMCIA card drive. 
Card Drive P104, which operates in PC/ 
104 embedded systems, reads and 
writes PCMCIA (Version 2.0) and 
JEIDA cards. It supports both I/O 
cards, such as fax/modems and LAN 
cards, and memory cards. Supported 
memory cards include SRAM and flash 
cards; flash technology support includes 
devices from AMD, Intel (Series 1 and 
Series 2), and Sundisk. The card drive 
stacks in a PC/104 configuration. The 
complete package includes the drive, 
device drivers, utility programs, and 
documentation. $275 (1 to 9 units). 
Adtron Corp, 3050 S Country Club Dr, 
Suite 24, Mesa, AZ 85210. Phone (602) 
926-9324. Fax (602) 926-9359. 

Circle No. 467 


Self-refreshed DRAM cards. Four 
new 88-pin JEIDA/JEDEC DRAM 
cards contain their own refresh cir- 
cuitry, allowing you to shut down all 
system-refresh circuitry, including pPs. 
Two cards hold 2 Mbytes of data 
(512k x 32 and 512k x 36 bits); two other 
versions hold 4 Mbytes (1M x32 and 
1M x 36). The cards require a single 5V 
supply and are availablé with access 
times of 70 and 80 nsec. The 80-nsec, 
4-Mbyte card, $240 (100). Hitachi 
America Ltd, 2000 Sierra Point Pkwy, 
MS-080, Brisbane, CA 94005. Phone 
(800) 285-1601, ext 16; (415) 589-8300. 
Fax (415) 583-4207. Request literature 
package M16P009. Circle No. 468 


Flat-panel terminal. The INX5000T 
flat-panel display terminal provides 
monochrome VGA-compatible graphics 
on an 11.3-in. screen. It accepts either 
RS-232C or RS-485 input and includes 
ANSI 3.64 and VT100 terminal emula- 
tion. The unit is less than 2 in. deep 
and has a NEMA 4/12 front panel and 
a sealed 40-position membrane keypad. 
$1295. Ann Arbor Technologies Corp, 
Box 3083, Ann Arbor, MI 48106. Phone 
(313) 995-1360. Fax (313) 662-3707. 
Circle No. 469 
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JPEG evaluation board. The JView 
board, designed around the manufac- 
turer’s JPEG processor IC, allows you 
to evaluate that chip and JPEG soft- 
ware-development tools. The PC/AT 
ISA card demonstrates multimedia 
functions for still images and live video. 
It records images to a hard disk and 
plays them back to a video window 
overlaid on standard VGA. Supplied 
software demonstrates full-motion 
video compression and decompression. 
$3900, including application software. 
LSI Logic Corp, 1551 McCarthy Blvd, 
Milpitas, CA 95035. Phone (408) 433- 
8000. Circle No. 470 


PC-to-mainframe adapter. The 
IRMA Pocket 3270 adapter connects 
portable and desktop PCs to mainframe 
3270 computers. The device connects to 
a PC’s parallel port and a 3270 control- 
ler via coaxial or twisted-pair cable. It 
comes with a power supply and soft- 
ware. $695. Digital Communications 
Associates Inc, 1000 Alderman Dr, Al- 
pharetta, GA 30202. Phone (800) 348- 
3221. Fax (404) 442-4364. Circle No. 471 


Printer servers. Two Pocket Print 
Servers, models ESI-2848A and ESI- 
2831A, allow parallel-port printers to 
connect to Token Ring and TCP/IP Eth- 
ernet networks, respectively. Printers 
connect directly to the networks; chain- 
ing a printer to a file server or a work- 
station isn’t necessary. The products 
use flash memory to store network soft- 
ware, so software upgrades will be 
easy. ESI-2848A, $795; ESI-2831A, 
$495. Extended Systems, 5777 N 
Meeker Ave, Boise, ID 83704. Phone 
(800) 235-7576; (406) 587-7575. Fax (208) 
377-1906. In Europe, phone (49) 7034- 
27326. Fax (49) 7034-27364. 

Circle No. 472 


VME RISC board. The 38-10A VMEbus 
computer board includes a 40-MHz 
R3000 RISC processor, Ethernet and 
SCSI-2 interfaces, four serial ports, and 
as much as 16 Mbytes of DRAM. The 
RISC processor is an IDT 3081E pP, 
which includes an R3010 floating-point 
accelerator and 20 kbytes of configur- 
able on-chip instruction- and data-cache 
memory. Board memory is a 32-bit- 


ssn 





wide, interleaved DRAM array that is 
closely coupled with the processor. 
$4495. Delivery, eight weeks ARO. 
Radstone Technology, 20 Craig Rd, 
Montvale, NJ 07645. Phone (800) 368- 
2738. Fax (201) 391-2899. Circle No. 473 


VME SCSI module. The CXM-SCSI ex- 
tends the control, address, and data 
lines of a VME board’s wP and provides 
a SCSI connection on a VMEbus mezza- 
nine. The module conforms to the pub- 
lic-domain Controller eXtension Con- 
nector specification. With its 3U form 
factor, it’s about one-third the size of a 
full-height VME board. $290. PEP 
Modular Computers, 750 Holiday Dr, 
Bldg 9, Pittsburgh, PA 15220. Phone 
(800) 228-1737; (412) 921-3322. Fax (412) 
921-8356. Circle No. 474 


Radio-modem board set. The Sys- 
tem 200 radio-modem board set for PCs 
communicates RS-232C data via FM 
signals between 450 and 470 MHz. One 
board is a transceiver, and the other is 
a modem. The base-station antenna is 
a quarter-wave whip; peripheral nodes 
use a heliflex. Transmission levels 
range from 1 mW to 2W;; at 2W, line-of- 
sight connectivity is 2 mi or more. $465 
(1000). Delivery, 90 days ARO. Moni- 
cor Electronic Corp, 2964 NW 60th St, 
Fort Lauderdale, FL 33309. Phone 
(305) 979-1907. Fax (805) 979-2611. 
Circle No. 475 


PC-condition monitor. Computer Sen- 
try monitors voltages and temperature 
in a PC and warns against harmful con- 
ditions. The module mounts on the PC 
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SCSI Host Adapters. 















It’s the Fastest! 

The Xelerator gives you a FAST 
SCSI-2, 10 megabytes per second 
data transfer rate. Our fast 16MHz 
processor reduces request processing 
time and you can fine tune the transfer 
rate to optimize the performance of 
CD-ROMs, DAT drives, MODs, 
scanners, removable media or any 
SCSI device. 


Data Transfer Rates (KB/Second) 
4,500 


4,000 


ISA SCSI Xelerator 


It’s the Easiest to Use! 
Configuring a disk system has 
always been a chore, but not 
with the Xelerator! With Procom 
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Technology’s window-oriented 


setup and configuration screens, 
you'll be configured and ready 
to operate in minutes—not hours. 
Instead of 20 to 50 configuration 
jumpers, the Xelerator has five. 
Maintenance and re-configuration 
are just as simple. The Xelerator 
is easy enough for a beginner, yet 
still has the performance and 
features the advanced user needs. 
More Advanced 
Standard Features! 

No other SCSI host adapter offers 
more standard features—built-in 
disk mirroring, spanning and 
striping, automatic configuration, 
10-user power-on password security 
system, error logging and statistical 
data recording, programmable boot 
drive, disk and partition write 
protection to name just a few. And 
you can mirror, stripe and span all at 


CIRCLE NO. 102 


¢ Faster than any other ISA SCSI adapter 

¢ Easier to use than any other SCSI adapter! 
> by ¢ More advanced standard features 
en including mirroring, spanning 


and striping! 
¢Only $355! 


the same time with up to three levels 
of mirroring, striping and spanning. 

But the best news is you can get 
the Xelerator at no more cost than 
ordinary SCSI host adapters— it 
retails for just $355. 

There’s so much more we want to 
tell you about the Xelerator, including 
how you can get one. For more 
information, or the location of a 
dealer in your area, just call Procom 
Technology at 1-800-800-8600. 


~y 


PROCOM 
i= 4 |e Reich ¢ 


2181 Dupont Drive, Irvine, CA 92715 
714-852-1000; FAX: 714-852-1221 
International FAX: 714-261-7456 















Inthe race to market, 
we otter you a tew shortc uts, 








It you need magnetics for your 
prototype, our Designers Kits 
can get you off and running fast! 

Each assortment puts a wide range of 
values right at your fingertips. So there's 
no need to waste hours calling around for 
samples or winding your own. 

And when you're ready for production, 
you'll tind we stock just about all the 
parts in our kits at low, factory-direct 
prices. 


Call today and you can have your kit 
tomorrow! To order phone 800/322-2645. 


Surface Mount Kits 


1008 Surface Mount Inductors 
Inductance: 4.7 nH - 10 pH 
42 values (10 of each) Kit C100 $125 


0805 Surface Mount Inductors 
Inductance: 3.3 nH - 220 nH 
19 values (10 of each) Kit C103 $60 


“Spring” Surface Mount Air Core Inductors 
Inductance: 2.5 nH - 43 nH 
10 values (12 of each) Kit C102 $60 


RF Inductor Kits 


“Unicoil” 7/10 mm Tuneable Inductors 
Inductance: .0435 uH - 1.5 pH 
49 shielded, 49 unshielded (2 of each] 
Kit M102 $60 


“Unicoil” 5 mm Tuneable Inductors 
Inductance: 9 nH - 281 nH 
19 Shielded, 19 unshielded (2 of each) 
Kit M105 $60 


“Slot Ten” 10 mm Tuneable Inductors 
Inductance: 0.7 uH - 1143 pH 
18 shielded, 18 unshielded (3 of each) 
Kit M100 $60 


“Slot Seven” 7 mm Tuneable Inductors 
Inductance: 0.094 uH - 275 pH 
39 values (3 of each) Kit M106 $60 


Axial Lead Chokes 
Inductance: 0.1 uH - 1000 nH 
25 values (5 of each) Kit F102 $50 


Horizontal Mount Inductors 
Tuneable and fixed 
Inductance: 31.5 nH - 720 nH 
33 values (3 of each) Kit M104 $60 


EMI/RFI Filter Kits 


Common Mode Data Line EMI Filters 
Attenuation: 15 dBm, 1.5 - 300 MHz 
DC current capacity: 100 mA 


2, 3, 4, 8 line, surface mount and leaded (4 each} 


Kit D103 $75 


Common Mode Line Chokes 
Current: .25 -9 Amps rms 
Inductance: 508 wH - 10.5 mH 
8 styles (2 of each) Kit P202 $100 


Power Magnetics Kits 


Current Sensors 
Sensing range: 0.5 - 35 Amps 
Freq. resp.: 1 - 100 kHz, 50 - 400 Hz 
Transformer and sensor-only versions 
8 styles (15 total pieces) Kit P203 $50 


Base/Gate Driver Transformers 
Inductance: 1.5 mH Min. Freq: 10 - 250 kHz 
2 single, 2 double section (2 of each} 
Kit P204 $50 


Mag Amp Toroids 
Current: 1.5 Amps 
Volt-time product: 42 - 372 V - usec 
6 styles (2 of each) Kit P206 $100 


Power Filter Chokes 
Current: 3,5, 10 Amps Inductance: 5 - 300 uH 
18 styles (48 total pieces) Kit P205 $75 


Axial Lead Power Chokes 
Current: .04 - 4.3 AC Amps 
Inductance: 3.9 pH - 82 pH 
30 values (2 of each) Kit P209 $150 


Other Magnetics Kits 


Low Pass LC Filters 
Poles: 3,5 and 7 Cutoff frequency: 17 MHz 
Impedance: 50 Ohms 
3 filters (4 each) Kit D102 $60 


C€M/electronic engineers master see our catalog in Vol. A, Section 1800 
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connectors, or automatic-bus-grant 
connectors. $1095 for a 21-slot unit with 
standard DIN connectors. Hybricon 
Corp, 12 Willow Rd, Ayer, MA 01432. 
Phone (508) 772-5422. Fax (508) 772- 
2963. Circle No. 435 


Thermistors. The CNTC1/8 features a 
1% max linearity deviation over a —10 
to + 130°C range. The cylindrical thick- 
film device is rated for 400 mW at 25°C 
and is available in resistance values of 
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Our ISO900I committment gives you 
power supplies with international appeal. 
With proven Megapower power systems, you also get the 
world-wide acceptance of quality earned by our pending ISO9001 
certification* Its the measure of our total dedication to customer 


satisfaction, along with: 


Custom evaluation units fully agency approved in as 


little as a week. 


Power densities up to 8.5W/in? 
Power conversion utilizing proven MHz zero current 


switching topology. 


Extensive manufacturing experience in high density 


MHz power systems. 


@ .99 active power factor correction available. 


Call us today and find out more about Megapowers unsurpassed 
power densities and wide range of design options. We can quickly 
meet your new system requirements anywhere in the world. 
Phone: 408-370-8900 or FAX: 408-376-3672 


AFB 
—MEGAPOWER_ 
| Se 


1355 Dell Avenue, Campbell, CA 95008 


* Certification to ISO 9001 scheduled for Sept. 1993. 
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5000 to 10 kQ. Resistance tolerance 
equals 2%; the negative temperature co- 
efficient of resistance measures — 2500 
ppm/°C. The unit fits an industry- 
standard 1206 footprint for surface- 
mount applications. From $0.65 (1000). 
IRC Inc, 305 Greenway Rd, Boone, NC 
28607. Phone (704) 264-8861. Fax (704) 
264-8865. Circle No. 436 


Small-signal transistors. The 
LT4217A and LT4239A small-signal 
transistors feature typical cutoff fre- 
quencies of 6 GHz, gain of 19 dB at 300 
MHz, 2-dB noise figures at 300 MHz, 
and a maximum current rating of 400 
mA. The 4217A is housed in a 0.28-in. 
stud package; the 4239A is housed in a 
conventional TO-39 package. LT4217A, 
$7.30; LT4239A, $2.70. Motorola Inc, 
5005 E McDowell Rd, Phoenix, AZ 
85008. Phone (602) 244-3818. Fax (602) 
244-4597. Circle No. 437 


Futurebus+ backplanes. These Fu- 
turebus+ backplanes have an 8-layer 
design. The 14-slot units suit applica- 
tions that involve 128 data bits, 64 ad- 
dress bits, and 80 I/O pins per slot. Fea- 
tures include a 520 impedance, active 
terminations, and 224A bus bars for 5V, 
3.3V, and ground. From $3000. Elec- 
tronic Solutions, 6790 Flanders Dr, 
San Diego, CA 92121. Phone (800) 854- 
7086; (619) 452-9333. Fax (619) 452-9464. 

Circle No. 438 


Keyswitches. ML Series keyswitches 
feature a full 3-mm travel and have a 
rated life of 10 million actuations min. 
The devices are supplied ready for pc- 
board mounting and require no special 
tooling. The single-pole NO units are 
rated for 12V and 10 mA max. Contact 
force measures 0.353 to 1.2324 oz. 
Cherry Electrical Products, 3600 Sun- 
set Ave, Waukegan, IL 60087. Phone 
(708) 360-3599. Circle No. 439 


Touch screen. The Quikpoint GX140 
is a plug-and-play touch screen that 
snaps onto the front of any 13- or 14-in. 
monitor. The unit’s controller card eas- 
ily installs on the PC bus or it can reside 
in a stand-alone chassis that connects 
to the computer’s serial port. The sys- 
tem has a 1024 x 1024 touch-point reso- 
lution and records a touch within 15 
msec of finger contact. $695. Micro- 
touch Systems Inc, 55 Jonspin Rd, 
Wilmington, MA 01887. Phone (508) 
694-9900. FAX (508) 694-9980. 

Circle No. 440 





The Universe of high-performance, affordable, embedded system design expands with 
WinSystem's SBCs. Select 386/486 CPUs for standalone use. Or expand with the STD or 
PC/104 Bus. Unparalleled flexibility for space and budget-limited applications requiring 
PC performance and compatibility in harsh or remote environments. 


Call or write for a free Catalog and Poster. 


WinSystems° 


715 Stadium Drive ¢ Arlington, Texas 76011 ¢ Phone 817/274-7553 © FAX 817/548-1358 
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The MJTP1230 through-hole version, 
$0.094 (10,000). MORS/ASC, 134 Water 
St, Wakefield, MA 01880. Phone (617) 
246-1007. Fax (617) 245-4531. 

Circle No. 430 


DC/DC converters. Series 1600 16W 
converters are available in 1-, 2-, and 
3-output versions. All are approved to 
the latest revisions of UL 1950 and CSA 
22.2. The 24 models in the series oper- 
ate from 9 to 72V and output combina- 





books that work the way you work 


New edition! 
Operational Amplifiers, 2e 
Jiri Dostal, Research Institute for Mathematical 


Machines, Czechoslovakia 

This updated edition is an unusually practical and highly authoritative volume 
that examines design-philosophy, theory, practice, and the newest technologies. 
April 1993 360pp. cloth 07506 9317 7 $49.95 (£46.00) 
















Specific design examples of circuits! 
Radio Frequency Transistors: 


Principles and Practical Applications 
_ Norman E. Dye and Helge O. Granberg, Motorola 


Written by two experienced RF design engineers, this new book discusses the 
selection of solid state devices for specific applications. 
January 1993 228pp. cloth 07506 90593 $39.95 (£40.00) 










Achieve acceptable EMC performance at minimal cost! 


EMC for Product Designers 


Tim Williams 
Electromagnetic compatibility is becoming increasingly important in the design 
of electronic products. In the absence of comprehensive U.S. standards, this book 
examines the European Commission's standards on EMC and, most importantly, 
outlines how EMC design principles need to be incorporated from the beginning 


to avoid cost and performance penalties. 
1992 272 pp cloth 07506 94645 $42.95 (£24.95) 














In the U.S. 
for more information 
or to place an order call 


1-800-366-2665 


In Europe, order from: 
Reed Book Services Ltd. 
Special Sales Department 

P.O. Box 5, Rushden 

Northants NN10 9YZ U.K. 


ihc aetna TEL. 0933 58521 FAX 0933 50284 
Fax 617-438-1479 Please quote "Cahners 13.89" 


BUTTERWORTH-HEINEMANN 
80 Montvale Ave., Stoneham, MA 02180 
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tions of 5, 12, 15, +5, +12, or +15V. 
I/O isolation equals 500V de, and output 
accuracy measures +1%. All models in- 
clude remote on-off control inputs and 
an input pi filter to reduce reflected rip- 
ple current. $73.50 to $87.50 (100). Con- 
version Devices Inc, 15 Jonathan Dr, 
Brockton, MA 02401. Phone (508) 559- 
0880. Fax (508) 559-9288. Circle No. 431 


Rocker switches. Series 8090 switches 
snap into 22 x 30-mm panel cutouts. The 
units are rated for 16A at 125V ac, 10A 
at 250V ac, and 16A at 28V de. The 
devices are available in spst and dpst 
versions. The switches are UL recog- 
nized, CSA certified, and VDE ap- 
proved. $0.91 (1000). Delivery, 8 to 10 
weeks ARO. Eaton Corp, 4201 N 27th 
St, Milwaukee, WI 53216. Phone (414) 
449-7483. Circle No. 432 


Coaxial attenuators. LAV Series 
continuously variable coaxial attenu- 
ators span the de to 800-MHz range and 
feature 0-to 20-dB attenuation. The 
units are available in 50 and 750 ver-. 
sions. AV Series units are designed for 
narrow, octave, or multioctave service 
over the 0.95- to 26-GHz range. They 
feature 0-to 35-dB attenuation, 0.3-dB 
insertion loss, 1.3:1 VSWR, and 5W 
power ratings. From $125. Delivery, 
stock to eight weeks ARO. RLC Elec- 
tronics Inc, 83 Radio Circle, Mount 


Kisco, NY 10549. Phone (914) 241-1334. 


Fax (914) 241-1753. Circle No. 433 


External power supplies. TPES20, 
TPES40, and TPES60 Series universal- 
input supplies include 36 models with 
single, dual, and triple outputs. Power 
ratings range to 60W. All models have 
2% load and 0.2% cross regulation on 
the main output. Cases have impact- 
resistant thermoplastic, which carries 
a 94V-1 UL rating and a 94V-0 CSA 
rating. Operating range spans 0 to 40°C. 
$70 (100). Delivery, 8 to 10 weeks ARO. 
Total Power International Inc, 418 
Bridge St, Lowell, MA 01850. Phone 
(508) 453-7272. Fax (508) 453-7395. 
Circle No. 434 


VME-system backplanes. HP Series 
10-layer backplanes are designed for 
VME systems. Available in versions 
with 3 to 21 slots, the units feature a 
stripline construction. The units have 
in-board terminations, shrouds on all 
connectors, and several power options. 
The backplanes come with standard 3- 
row DIN connectors, enhanced DIN 
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Voltage dividers. These 3-terminal di- 
viders are available in gigohm values 
with ratios in the thousands and toler- 
ances to 1%. Other specifications in- 
clude a 10-ppm/°C temperature coeffi- 
cient of resistance tracking, 0.1-ppm/°C 
voltage linearity, and 30,000V working 
voltage rating. Standard units are avail- 
able in 100- and 1000-MQ values. $5.75 
(100). Ohmeraft, 3800 Monroe Ave, 
Pittsford, NY 14534. Phone (716) 586- 
0823. Fax (716) 586-0015. Circle No. 420 


DC/DC converter. The MHF +2805D 
converter outputs 15W from a 


1.12 x 1.45 x 0.33-in. case—a 30W/in.? 
power density. The units develop a 
+5V output from a 28V input. Line and 
load regulation equals 15 mV typ, and 





input ripple is 25 mA p-p. Audio rejec- 
tion equals 50 dB; efficiency ranges to 
82%. Operating range spans —55 to 
+ 125°C. From $353 (100). Delivery, 
eight weeks ARO. Interpoint Corp, 
Box 97005, Redmond, WA 98073. Phone 
(206) 882-3100. Fax (206) 882-1990. 
Circle No. 421 


Lightning suppressors. The Model 29 
single-stage DB-9 lightning suppressor 
comes in two versions: The 29 accommo- 
dates RS-232C levels, and the 29-1 
works with RS-422 levels. The unit in- 
stalls between the serial data cable and 
the DB-9 data port on a 386- or 486- 
_ based PC, laptop, or similar device. The 
unit employs avalanche diodes as sup- 
pression devices. Reaction time equals 
2 nsec max. The 29-1 also accommodates 
EKIA-530 interfaces and MIL-STD-188- 
114. $44. Telebyte Technology Inc, 270 
E Pulaski Rd, Greenlawn, NY 11740. 
Phone (800) 835-3298; (516) 423-3232. 
Fax (516) 385-8184. Circle No. 422 


DIN connectors. These 2-part connec- 
tors meet DIN 41612, VG 95324, and 
IEC 130/14 standards. The line includes 
a 48-position Form F unit rated for 4A 
that comes with or without polarization 
keys; 11- and 15-position Form H15 


ae ens 
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Use our postage-paid reader-service 
cards to get more information on 
any of these products. 





units rated for 15A; Form H15 devices 
with 7 or 10 contacts rated for 15A and 
2 or 4 contacts rated at 50A; and mixed 
versions. $3 to $30. Bice-Vero Elec- 
tronics Inc, 1000 Sherman Ave, 
Hamden, CT 06514. Phone (800) 242- 
2863. Fax (203) 287-0062. Circe No. 423 


Surge suppressors. These devices can 
withstand a 24.5V jump-start for five 
minutes. The line includes three units— 
the 3J V1I8AUMLA1210, the 10J 
V1I8AUMLA1812, and the 25J V18A- 
UMLA 2220. All units have an 18V rat- 
ing. VI8AUMLA1210, $0.41; V18A- 
UMLA1812, $0.70; VI8AUMLA2220, 
$1.15 (1000). Harris Semiconductor, 
Box 888, Melbourne, FL 32901. Phone 
(800) 442-7747. Circle No. 424 


Coaxial switches. These failsafe coax- 
ial switches are available in two lines: 
SS Series units, which operate over a 
de to 18-GHz range, and HS Series de- 
vices, which have a de to 12.4-GHz oper- 
ating range. The spdt units switch in 
20 msec. The SS units are available with 
SMA connectors. From $215. Alan In- 
dustries Inc, 745 Greenway Dr, Colum- 
bus, IN 47202. Phone (800) 423-5190. 
Fax (812) 372-5909. Circle No. 425 


DC/DC converters. DC2-40 40W dual- 
output, open-frame converters operate 
from 36 to 72V inputs. The four models 
in the line output combinations of 5 and 
12, 15, 24, or 25V. Key features include 
soft start, current limiting, short- 
circuit/overvoltage protection, and 
3000V I/O isolation. The units include 
EMI/RFI suppression filters. $40 (OEM 
qty). Nidec/Power General, 152 Will 
Dr, Canton, MA 02021. Phone (617) 828- 
6216. Fax (617) 828-3215. Circle No. 426 


LED pc-board mount. The PCH 175 
right-angle mount accommodates both 
bilead and trilead LEDs. The mount 
forms the bileads to meet conventional 
0.1-in. pad spacings and forms the tri- 
leads in a triangular pattern, which 
staggers the leads for easier pe-board 
insertion. Its housing material carries 
a 94V-0 UL rating. $0.04 (10,000). Vis- 
ual Communications Co Inc, 7920-G 
Arjons Dr, San Diego, CA 92126. Phone 
(619) 549-6900. Circle No. 427 





Trimmers. G4S trimmer potentiome- 
ters are side-adjust, surface-mountable 
devices. Resistance values range from 
10Q to 2 MQ, and tolerance equals 
+ 20%. The 55.7 4.55-mm units are 
available in two versions: The A version 
has J-hook leads, and the B version has 
gull-wing terminals. Power rating 
equals 250 mW; operating range spans 
— 55 to + 125°C. The sealed devices are 
designed to accommodate flow and re- 
flow soldering processes. $1.06 (1000). 
Delivery, six to eight weeks ARO. To- 
cos America, 565 W Golf Rd, Arlington 
Heights, IL 60005. Phone (708) 364- 
7277. Fax (708) 364-7317. — Circle No. 428 


Linear power supply. The Model 
1.10.750’s 10V output is suitable for 
driving transducer bridges. The 350- 
mA output can excite as many as 12 
3500, bridges. Line and load regulation 
equals + 0.1%, and noise and ripple fig- 
ures measure 1 mV rms. Operating 
range spans —25 to +50°C. Versions 
operate from either 115 or 230V ac in- 
puts. Foldback current limiting allows 
the units to be shorted indefinitely 
without damage. $110. Calex Mfg Co 
Inc, 2401 Stanwell Dr, Concord, CA 
94520. Phone (800) 542-3355. Fax (510) 
687-3333. Circle No. 429 


Miniature switches. Series MJTP 
snap-dome miniature switches are avail- 
able in through-hole and surface-mount 
versions. The single-pole, momentary- 
action units have contacts rated for 12V 
de at 50 mA. Life is rated at 50,000 to 
100,000 cycles. Various body styles 
have red, yellow, or green LEDs. The 
surface-mount units are compatible 
with most pick-and-place equipment. 
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Our newest line of defense 
against heat. 





MHF+2815S USA , MHD2805S 
ww tAHD DC-DC CONVERTER 


PHE+ DC-DOC CONVERTER 





Insist on 


A full line of high-temperature DC-DC converters 
from the industry leader. 

Get the hottest technology in board-mounted power 
supplies. Full military temperature range. Unsurpassed 
reliability. The lowest profiles. You can get it all with 
Interpoint’s new line of DC-DC converters. 

From arctic blasts to desert storms, Interpoint’s new 
generation DC-DC converters stand up to the toughest 
military environments. They deliver full power over the entire 
-55° to +125° C. temperature range. And over an unprec- 
edented power range, too. Interpoint can now offer you an 
off-the-shelf hybrid power supply for any power 
level from 2 to 285 watts. 

For more than a decade, Interpoint 
DC-DC converters have proven their 
reliability in many of the world’s most 











MSA Series: 5W, 125°C. /“Y 


Interpoint’s new line of DC-DC converters features 
constant PWM switching frequencies from 500 
to 700kH7z. Built-in sync. Parallel operation. Up to 
50 dB audio rejection. Line and load regulation 
as low as 0.1%. And full MIL-STD-704 input for 
28- and 270-volt systems. 
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interpoint 


MTR2812D 
DC-DC CONVERTER 


C. 


Interpoint. 


advanced weapons systems — including mission-critical 
electronics on the Leopard I! Tank and Harrier Aircraft, the 
Bradley Fighting Vehicle and F/A-18 aircraft. Our new 
generation converters are the most reliable yet. Each of 
them was designed with the specific intent of being 
qualified to the full performance and reliability standards 
of MIL-STD-883. 

And Interpoint continues to lead the way in power supply 
miniaturization. With power densities as high as 70 watts per 
cubic inch and package heights as low as 6.8 mm, this new 
generation of converters is built for the tightly packed boards 

in today's military and commercial avionics, ground 
vehicles and portable equipment. 

It's the hottest new technology in DC-DC 
converters. And it’s available only from 
Interpoint. For more information, call 

44 (0) -276-268372. 


interpoint 


10301 Willows Road P.O. Box 97005 
Redmond, WA 98073-9705 
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ceive side. The chips are pin-compatible 
with Crystal Semiconductor’s 
CS61535A and CS61574A devices. Ap- 
plications include DSX-1 cross-connect 
switches, line interfaces for PCM multi- 
plexers, digital switches, data service 
units, and channel service units. $9.70 
(10,000). VLSI Technology Inc, 8375 
S River Pkwy, Tempe, AZ 85284. 
Phone (602) 752-8574. Fax (602) 752- 
6000. Circle No. 415 


10-bit RAM-DACs. Combining three 
10-bit video RAM-DACs and a color- 
palette RAM in one package, ADV7150 
family chips can simultaneously display 
16.7 million colors. Features of the 170-' 
MHz devices include 24-bit true color 
and 30-bit gamma-corrected operation. 
$83 to $148 (1000). Analog Devices Inc, 
181 Ballardvale St, Wilmington, MA 
01887. Phone (617) 937-1428. Fax (617) 
821-4273. Circle No. 416 


FPGA. The QL8x12A ‘is a faster and 
less-expensive version of the QL8x12 


Integrated Circuits 


the internal logic-cell delay from 3.4 to 
2.4 nsec; an optimized layout reduces 
the die size by 20%. A dedicated clock 
network has a clock skew of 500 psec 
across the chip. The FPGA is available 
in a 100-pin, 1.4-mm-high quad flatpack 
for use in PCMCIA cards. The QL8- 





12A-2PL68C costs $37.60 (1000). 
Quicklogic Corp, 2933 Bunker Hill 
Lane, Santa Clara, CA 95054. Phone 
(408) 987-2000. FAX (408) 987-2012. 
Circle No. 417 


SCSI bus terminator. The TL2218-285 
active SCSI-bus current-mode termina- 
tor is compatible with the 27 channels 


The device terminates nine SCSI lines. 
The terminator is also compatible with 
active negation drivers, which are often 
used in high-speed SCSI systems. Be- 
sides operating in wide and fast SCSI 
III systems, the device can be used for 
single-ended active SCSI terminations. 
The output capacitance is 6 pF. $1.75 
(1000). Texas Instruments Ine, Semi- 
conductor Group, Literature Response 
Center, Box 17222, Denver, CO 80217. 
Phone (800) 477-8924, ext 3437. 

Circle No. 418 


Multichip modules. The MMS-D300 
series multichip modules come in small 
form factors. The modules operate at 
10 MHz to 1 GHz. Features include die 
attachment using wirebond process, 
silicon-to-package area ratios of 40% to 
80%, and a direct thermal path from 
silicon to a heat sink. Packaging options 
include QFPs, PLCCs, and thin QFPs 
conforming to JEDEC standards. Pack- 
ages are as thin as 1.2 mm. Typical mod- 
ules house between 2 and 10 CMOS ICs 
in die form. $10 to $50 (10,000). Micro- 
module Systems Inc, 10500 Ridgeview 
Ct, Cupertino, CA 95014. Phone (408) 


FPGA. The 1000-gate device reduces 


of the proposed Fast SCSI III standard. 


864-7437. Circle No. 419 


eal-time industrial computer systems. 





From factory floor to data 
center, HP has over 18,000 other 
products, ranging from board 
computers to instruments and 
computer systems. We also 
offer OEM and special support 


services, with 10-year product 
support. 


Call 1-800-7 29-8634, Ext. 783B 
for a free demonstration video 
and more information. It'll make 
your future look wide open. 


CIRCLE NO. 18 
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UNIX is a registered trademark of UNIX System Laboratories Inc. in the U.S.A. and other countries. 
*Based on 1992 UNIX revenue, UNIXWORLD Annual Report, 1992. Extended service and support 
agreements available at additional cost. ©1993 Hewlett-Packard Company. MCSY 9304... ”: 
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Switching regulators. The LT'C1148 
and LTC1149 step-down switching 
regulators have typical efficiencies of 
95% when operating at no load current 
and a 200-pA supply current. The 
LTC1148 operates from input voltages 
of 4 to 16V; the LTC1149 operates from 
input voltages up to 48V. Both devices 
feature burst-mode switching, during 
which the chips switch external compli- 
mentary power MOSFETs at up to 250 
kHz. Both devices also have short- 
circuit protection. LTC1148 in 14-lead 
SOIC, $4.25; LTC1149, $5.20 (100). Lin- 
ear Technology Corp, 1630 McCarthy 
Blvd, Milpitas, CA 95035. Phone (408) 
432-1900. Fax (408) 434-0507. 

Circle No. 411 


ISA bus controller. The VL82C481 sin- 
gle-chip ISA bus controller has write- 
back control logic for 486-based sys- 
tems. The chip fits into Intel’s Over- 
drive Ready upgrade strategy. The 
chip’s memory controller addresses 64 
Mbytes of system memory, which can 
be 256-kbit or 1- or 4-Mbit DRAMs. The 
memory controller provides page-mode 
DRAM access and burst reads and 
writes. The direct-mapped write-back 
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cache-control logic runs with 32 kbytes 
to 1 Mbyte of cache RAM. Power-on 
reset is optional. $22 (10,000). VLSI 
Technology Inquiries, 200 Parkside 
Dr, San Fernando, CA 91340. Phone 
(602) 752-6202. Circle No. 412 


Graphics accelerator. The TGU19420 
graphics accelerator has both VL and 
ISA bus interfaces. The accelerator 


linearly addresses 2 Mbytes of DRAM. 
The chip operates with 256k~x4-, 
512k x8-, or 256k x 16-bit DRAMs. The 
operations the graphics engine per- 
forms include pixel bit block transfer 
(bitblt), line draw, short-stroke vector 
draw, area fill, and image transfer. Ex- 


tended graphics modes include 640 x 480 
pixels with 32k, 64k, or 16.8M colors 
and 1024x768 pixels with 256 colors. 
$31.50 (1000). Trident Microsystems 
Inc, 205 Ravendale Dr, Mountain View, 
CA 94043. Phone (415) 691-9211. Fax 
(415) 691-9260. Circle No. 413 


Analog switches. Three CMOS analog 
switches have a maximum on-resistance 
of 350. The DG417 is a SPST normally 
open (NO) switch, the DG418 is a SPST 
normally closed (NC) switch, and the 
DG419 is a SPDT NO/NC switch. The 
devices have a breakdown voltage of 
44V, a maximum turn-on time of 175 
nsec, and a maximum turn-off time of 
145 nsec. DG417 and DG418, from $1.19; 
DG419, from $1.63 (1000). Maxim Inte- 
grated Products, 120 San Gabriel Dr, 
Sunnyvale, CA 94086. Phone (408) 737- 
7600, ext 6087. Circle No. 414 


T1/E1 line-interface units. The 
VP14335 and VP14574 chips can synthe- 
size DSX-1 and CCITT G.703 pulses. 
The VP14335 provides jitter attenu- 
ation on the transmit side; the VP14574 
provides jitter attenuation on the re- 


HP now offers the widest range of UNIX anc 





Our powerful, standards-based 
systems stand out from the herd. 
From board to system level. VME 
and EISA. HP-UX and HP-RT- 
We've got better products and 
services for your integration 
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needs than anyone else. 


Our RISC-based systems offer 
binary compatibility with over 
4,000 applications. And we're 
the #1 UNIX® systems vendor, 
leading the way with seamless 


open systems client/server tech- 
nology* Including HP RTAP/Plus 
UNIX-based application enabler 
software. And HP-RT, our POSIX 
compliant standards-based 
real-time OS. 


NT 






Full-duplex Ethernet controllers. 
The 80C04 chip set has a full-duplex 
switching hub that lets 10Base-T nodes 
simultaneously transmit and receive 
data. Full-duplex data transfer effec- 
tively doubles the network bandwidth 
to 20 Mbps. The packet delay, which 
equals the central-switch delay, is pre- 
dictable. The chip set employs a 33-MHz 
bus clock and has byte-swap control. 
It also has address and hash filters for 
sorting multicast addresses. $13 
(10,000). SEEQ Technology Inc, 47131 
Bayside Pkwy, Fremont, CA 94588. 
Phone (510) 226-7400. Fax (510) 657- 
2837. Circle No. 401 


Programmable filter/equalizer. The 
ML6017 filter/equalizer suits products 
having variable-speed data streams. 
You can tune the chip to track data 
streams of 9 to 48 MHz. A serial inter- 
face programs the chip on the fly. The 
chip contains two programmable filters: 
a lowpass filter, which removes high- 
frequency noise, and a bandpass filter, 
which removes low-frequency noise and 
high-frequency overtones. A program- 
mable equalizer overcomes intersymbol 
interference. In a 20-pin super-small- 
outline package, $5.95 (100,000). Micro 
Linear Corp, 2092 Concourse Dr, San 
Jose, CA 95131. Phone (408) 433-5200. 
Circle No. 402 





High-power IGBTs, MOSFETs, and 
rectifiers. The Power Block series is a 
packaging technology for high-power 
IGBTs (insulated-gate bipolar transis- 
tors), MOSFETs, and rectifiers. The 
IGBTs are rated for 30 to 60A and 600 
to 1200V. The MOSFETs are rated for 
8 to 120A and 50 to 1000V. Fast rectifi- 
ers, soft-recovery rectifiers, and Schot- 


essere 


EDN-NEW PRODUCTS 


Integrated Circuits 


FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 
cards to get more information on 
any of these products. 


tky rectifiers are rated for 100A and 
50 to 1200V. $219 to $304 (100). Omni- 
rel Corp, 205 Crawford St, Leominster, 
MA 01453. Phone (508) 534-5776. Fax 
(508) 537-4246. Circle No. 403 


3.3V PLD. The XC7236A is a 0.8-um 
complex PLD having I/O interfaces 
compatible with 3.3V logic. The core 
logic for the chip operates at 5V to pro- 
vide high speed, and the I/O interfaces 
run at 3.3V. The chip also operates from 
5V only. The clock-to-output delay is 
10 nsec, and the maximum operating 
frequency is 60 MHz. 50-MHz device, 
$16; 60-MHz device, $19.50 (1000). Xi- 
linx Inc, 2100 Logic Dr, San Jose, CA 
95124. Phone (408) 559-7778. Fax (408) 
509-7114, Circle No. 404 


LCD-driver Cs. The L-Series consists 
of 10 new versions of the 68HC05 family 
of 8-bit w~Cs. Each member contains an 
LCD driver and low-power-operation 
features. Drivers control LCDs having 
resolutions from 45 to 154k pixels. 
Prices start at $3 (50,000). Development 
boards start at $68. Motorola Inc, 6501 
William Cannon Dr W, Austin, TX 
78735. Phone (512) 891-2035. 

Circle No. 405 


Field-memory ICs. The MSM518221 
and MSM518222 2-Mbit memories can 
hold one field of a conventional NTSC 
TV screen. The 512x512x8-bit 
DRAMs provide FIFO operation and 
do not need external refreshing. You 
can cascade multiple ICs to increase 
storage depth. Each 8-bit plane has 
Separate read and write ports. $9.50 
(10,000). Delivery 60 to 90 days ARO. 
Oki Semiconductor, 785 N Mary Ave, 
Sunnyvale, CA 94086. Phone (408) 720- 
1900. FAX (408) 720-1918. Circle No. 406 


Futurebus+ controllers. Three chips 
control different aspects of the IEEE- 
896 Futurebus+. The TFB2010 arbitra- 
tion bus controller handles both central 
and distributed arbitration messages. 
The TFB2022 data-path unit stores and 
transfers 64-bit data and addresses. The 
TFB2002 I/O controller synchronizes 
the Futurebus+ protocols with the lo- 
cal bus. The chips handle both com- 
pelled- and packet-mode transfers. 





TFB2010PJM, $34; TFB2022MFP, 
$380; TFB2002PPM, $105. Texas In- 
struments Inc, Semiconductor Group, 
Literature Response Center, Box 
17222, Denver, CO 80217. Phone (800) 
477-8924, ext 3015. Circle No. 407 


Analog multiplexers. Alternate- 
source versions of the industry-stan- 
dard DG408 and DG409 analog multi- 
plexers have a maximum on-resistance 
of 1000. The breakdown voltage is 44V . 
max, and the switching time is 250 nsec 
max. The chips operate from a 12 to 
30V supply or from +4.5 to +20V dual 
supplies. The ICs come in 16-pin DIPs 
and narrow SO packages. From $3.45 
(1000). Maxim Integrated Products, 
120 San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600, ext 6087. 
Circle No. 408 





Instrumentation amplifier. The 
AMP-04 instrumentation amplifier op- 
erates from +5 to +15V supplies. 
Specifications include a CMRR of 105 
dB at a gain of 1000; maximum offset 
drift of 3 wV/°C; maximum offset volt- 
age of 150 ~V; and maximum gain non- 
linearity of 0.005%. Selecting a resistor 
programs the gain from 1 to 1000. From 
$4.55 (1000). Analog Devices Inc, 181 
Ballardvale St, Wilmington, MA 01887. 
Phone (617) 937-1428. Fax (617) 821- 
4278. Circle No. 409 


Isolation amplifier. The IS0122U iso- 
lation amplifier comes in a surface- 
mount package. The amplifier has an 
isolation voltage of 1500V rms min and 
is 100% tested for voltage breakdown 
at 2400V rms. Isolation mode rejection 
is 140 dB typ at 60 Hz, and the barrier 
leakage is 0.5 pA max at 240V and 60 
Hz. Gain is 1V/V, and the gain error 
is +0.05% of the full-scale reading 
(FSR). The nonlinearity is +0.008% 
FSR. $7.95 (1000). Burr-Brown Corp, 
Box 11400, Tucson, AZ 85734. Phone 
(602) 746-1111. Fax (602) 889-1510. 
Circle No. 410 
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Once again Quality Semiconductor is First 

In Engineering and product design! QSI con- 
sistently creates revolutionary devices that 
allow you to engineer innovative, leading edge 
products. When you need to be Faster, Cleaner, 
and Quieter, you need Quality Semiconductor. 


FIRST OUT with Delivery 


Product design is where it starts, but delivery is what counts. 
Now QSI is ready to deliver the fastest family of asynchronous 
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QS$7223 and QS7224 clocked FIFOs. These products feature 
depths to 4k words and access times to 10 ns. Our new FIFOs 
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Call and find out why... (408) 450-8019 
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provide performance and innovation for the 
highest performance system designs possible. 
These FIFOs are available in DIP, PLCC, SOJ, 
SOIC, and even ZIP packages. Once again Quality 
Semiconductor provides the design flexibility that 
allows you to create products that lead the pack. 


Quality Engineering, Quality Products 

Of course, that’s what QSI does best! With record breaking 
innovations in FCT Logic, 250 pS QuickSwitch products, 
and SRAMs, we now feature the world's fastest FIFOs in 

a virtually unlimited range of packaging options. The new 
Quality FIFOs are available and ready to ship. 
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$100 Cash Award for all entries selected by editors. An additional 
$100 Cash Award for the winning design of each issue, deter- 
mined by vote of readers. Additional $1500 Cash Award for an- 
nual Grand Prize Design, selected among biweekly winners by 
vote of editors. 


To: Design Ideas Editor, EDN Magazine 
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275 Washington St, Newton, MA 02158 
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been previously published (limited-distribution house 
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ISSUE WINNER 
The winning Design Idea for the October 1, 1992, issue 
is entitled “Differential amplifier reduces parts count}’ 
submitted by Irwin Cohen of Hewlett-Packard (Waltham, 
MA). 


The winning Design Idea for the October 15, 1992, issue 
is entitled ‘1.5 to 5V converter supplies 200 mA;’ sub- 
mitted by Jim Williams of Linear Technology Corp 
(Milpitas, CA). 
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Reset trap locates 
system errors 


Ed Thompson, Micro Computer Control, Hopewell, NJ 


Unexpected system resets during development can 
often lead to much finger pointing between hardware 
and software team members. A simple technique can 
isolate the problem to either hardware or software, 
reduce frustrations, and speed debugging. The tech- 
nique relies on the fact that a hardware reset sets 
processor registers to a known initial state, and soft- 
ware then initializes those same registers to another 
state. By testing the state of a register before software 
initialization, you can detect the cause of the reset. 
The solution presented here is for an 8051-based sys- 
tem, but could easily be adapted to a variety of system 
architectures. 


Listing 1—-Startup code to trap reset cause 


#define TMOD 0x03 /* TimerO = 16-bit */ 


bit sw_reset; /* TRUE on Software Reset */ 


main () 
sw_reset = (tmod == TMOD); /* Test Reset */ 


tmod = TMOD; /* Software Initialization */ 


Listing 1 shows a sample section of C code to handle 
startup and initialization of the 8051 TMOD register. 
A hardware reset initializes this register to zero (00H). 
The code tests the state of this register against the 
software initialized value, and records the test result 
for later examination. You can write additional code 
to send this result to a spare I/O pin or output it to 
the UART upon receiving an appropriate inquiry. It’s 
worthwhile to leave this code as a permanent part of 
the system to help explain unexpected reset events 
that could occur at later stages of system development 
and testing. EDN BBS /DI_SIG #1213 EDN: 
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and the cycle repeats itself, operating again in the 
strobe mode unless the load current drops below 1A. 
With the component values in the figure, pulse ON is 
about 200 sec with 0.5 sec between pulses. 

You can separate the Voc of the LM10 and the load. 


The Vcc for the LM10 must stay within the gate thresh- 


old voltage and the Vgg rating of Q,. The Voc for 
the load must be lower than the Vpgrpss) of Q;. EDN 
BBS /DI_SIG #1238 EDN) 
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Address latch increases P’s data width 


Shwang-Shi Bai, Chung-Shan Institute of Science and Technology, Lung-Tan, Taiwan 


Many 8-bit .Ps use a multiplexed address and 
data bus to save on the number of package 
Ee pins. A common way to interface these 8-bit 
wPs to 12-bit DACs is the double-buffer method, which 





Listing 1—8-bit pP to 12- 
bit DAC transfer routine 


mov a,high byte ; assume xxxxDDDD DDDDDDDD as 12-bit 

; word |-high-| |-low -| 

; high order 4 bits to low data pointer 
7; set al5=0 

; low order 8-bit to accumulator 

; output 12-bit word to 12-bit DAC 

; in one instruction 


mov dpl,a 

mov dph, #7fh 
mov a,low byte 
movx @dptr,a 


74LS373 
IC; 





transfers the low-order 8 bits first and then transfers 
the high-order bits. This method requires an external 
latch for the 8-bit data bus. 

The circuit in Fig 1 can transfer the same 12-bit 
word, but doesn’t require an external data latch. The 
circuit uses the address latch, IC,, and a short software 
routine (Listing 1) to transfer the four high-order bits 
of a 12-bit word to the address latch first, and to trans- 
fer the low-order 8 bits using one instruction. EDN 
BBS /DI_SIG #1239 EDN) 
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Fig 1—This circuit and a short software routine save an external data latch and use the address latch to transfer 12 bits of data from 


an 8-bit xP to a 12-bit DAC. 
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significant distortion occurs during the flat portions 
between peaks. The compensated waveform (trace D) 
recovers the low-frequency information and the peak 
current level. 

Any spreadsheet can also implement the compensa- 
tor. You need to import the ac current probe’s wave- 
form values from the scope, and you must know the 
sampling interval or time between points. The only 
trick is to implement the integration function (Table 


1). If you put the waveform value, x(t), in column A, 


then you should create a second column, B, that repre- 
sents the integral of x(t). Force the first cell to be 0, 
then each successive value is simply the previous value 


Table 1—Spreadsheet for ac-current- 
probe compensation 


B 
=A2+450*B2 
=A3 + 450*B3 


=A4+450*B4 


=B1+A2*25E -6 
= B2 + A3*25E -6 
= B3 + A4*25E -6 





plus the present x(t) value times the sampling interval. 
Finally, create a third column, C, which sums the first 
column and w times the second column. For Table 1, 
the sampling interval was 25 wsec and w = 450. 

Although the integration function is the key to this 
technique, it is also its greatest limitation. If your scope 
has a de offset error, then the integrator will cause the 
compensated waveform to ramp up or down depending 
on the sign of the offset. You can correct for this by 
subtracting the offset from each x(t) value before com- 
puting the result. Experiment with the correction 
value until the ramp disappears. This technique works 
because you're constraining the constant of integration 
to.0 by measuring only start-up conditions and by cor- 
recting for de offsets in the instrumentation. 

When using this technique, use your probe within 
its operating limits. The magnetic properties of many 
ac current probes limit the amount of de and pulsed 
currents that you can apply. This technique only com- 
pensates for the probe’s low-frequency roll off. Correct- 
ing for magnetic saturation effects is a much more 
complicated problem. EDN BBS /DI_SIG #1236 

EDN 
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Solid-state fuse resets itself 


Isaac Eng, ESTCO Battery, Ottawa, Canada 


The solid-state fuse in Fig 1 automatically resets once 
current has returned to normal after an overcurrent 
condition. The circuit draws less than 350 pA with the 
fuse blown (Q, off) or not blown (Q, on). The circuit 
allows load currents up to 1A to flow, but drops into 
strobe mode with load currents that exceed 1A. 

The LM10 op amp buffers the voltage of the current- 
sense resistor (R,) to charge C, through a forward- 
biased D,. Pin 8 of the LM10 compares C,’s voltage 
to the LM10’s internal 0.2V reference. When C,’s 
voltage is less than 0.2V, the comparator output (pin 
1) is high and keeps Q, turned on and conducting load 
current. When the load current exceeds 1A, the volt- 
age across C, exceeds 0.2V. The comparator output 
goes low, Q, turns off, and load current is cut off. C, 
_ then discharges through the 3.3-MQ resistor. When 
the voltage decreases below 0.2V, Q, turns on again 
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Fig 1—Based on the charge on C,, the LM10’s internal comparator 
determines the state of pin 1, which shuts off Q, if load current 
exceeds IA. 
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Software extends ac current probe’s range 


Stan Sasaki, Tektronix, Beaverton, OR 


AC current probes based on current transformers don’t 
pass de information. This limitation typically forces you 
to use more expensive de current probes to analyze 
asymmetrical start-up waveforms such as turn-on or 
in rush currents. However, you can use ac current 
probes by taking advantage of the zero initial value 
of start-up events to recover low-frequency informa- 
tion. The required processing software is available in 
some digital oscilloscopes and all PC spreadsheets. 

An ac current probe has a conversion factor of kV/A 
(Fig 1). The probe’s frequency response rolls off at its 
low-frequency pole, w, set by the probe’s transformer 
L/R time-constant or droop factor. An ideal compensa- 
tor has a transfer function with a zero at w and a pole 
at de. You can implement this compensator using the 
following equation: 


y(t)=x(t)t+o-Jx(t) (CD) 
Thus, if the ac current probe’s waveform is x(t), then 
compute the compensated output by adding x(t) to w 
times the integral of x(t). The only parameter you 
need is w. Some ac current probes specify the roll-off 
frequency in Hz (w=2mf), but it’s best to measure the 
value. Simply apply a de current step and measure the 
decay time, 7, or the time it takes for the probe’s 
output to fall to 37% of its peak value. Then, w = 1/t. 
Some digital scopes have a built-in integration func- 
tion that let you define a new waveform that directly 
implements the compensator. Fig 2 shows voltage and 
current waveforms (traces A and B, respectively) on 
a disk drive’s 5V supply. A de current probe is the 
reference. Trace C is the output from an ac current 
probe. The probe’s roll-off frequency was measured 
as just above 70 Hz, so w=450. The scope calculated 
trace D using Eq 1. Notice how the compensator recov- 
ers the low-frequency information. 


AC CURRENT PROBE 


COMPENSATOR 





Fig 1—An ac current probe’s response falls off at low frequencies, 
but a compensator with a pole at dc and zero at the probe's 
low-frequency cut off can theoretically extend the response to dc. 








Fig 3 shows the start-up waveforms of a switching 
power supply. The de current probe shows a peak cur- 
rent of —10A (trace B). The uncompensated ac current 
probe’s reading (trace C) is low due to droop, and 


SV/div: 


5 msec/DIV 


Fig 2—A dc-probe’s measurements of a disk-drive’s 5V start-up 
voltage and current (traces A and B, respectively) don’t match the 
measurements of an ac current probe (trace C) until the compensa- 
tion is included (trace D). 


280V/div 


SArdiy 


5 msec/DIV 


Fig 3—The compensated ac-current-probe measurement of a 
switching power supply’s power-line voltage and current (trace 
D) improves upon the uncompensated ac measurement (trace C) 
by showing the true negative peak current level and removing the 
distortion. Traces A and B are the dc-probe measurements of 
voltage and current, respectively. 
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For high speed or micropower applications, 
Linear Technology provides the highest 
performance, most compact sampling 8-bit A/D 
converters at the lowest cost. 

The high speed LTC1196/8, 600nsec 8-bit 
ADCs are designed and specified for 3V and 5V 
systems and squeezed into tiny SO-8 packages. 
Their high speed serial ports ease signal wiring 
and can transfer data at 12MHz bit rates to 
ASICs and PLDs. (Application assistance for 
interfacing to common PLDs is available.) 
Sampling at up to 1MSPS, their high imped- 
ance inputs digitize 1MHz signals to an accu- 
racy of greater than 7 effective bits. 

The LTC1196 has a differential input 
while the LTC1198 digitizes 2 input channels 
and automatically powers down to InA : 
between conversion. With a 
typical power dissipation of 
50mW at 5V and 10mW at 
3V, the LTC1196/8 provide the 
best combination of perfor- 
mance, power, board space and 
cost available. 
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For micropower applications, the LTC1096/ 


has extremely low supply currents which auto- 


matically scale to the sample rate. The typical 
current drain from a 3V or 5V supply varies 
linearly from 3uA at IKSPS to 100UA at 
33KSPS. The ADCs also automatically power 
down between conversions. 

The 2.7V minimum supply and SO-8 package 
are ideal for battery powered, hand held instru- 
ments and equipment. The serial I/O reduces 
opto-isolation cost and is compatible with SPI, 
Microwire, and other common serial formats. 

Whether you are looking for high speed or 
micropower 8-bit sampling ADCs, you wont 
find higher performance, more compact, lower 
cost solutions anywhere. 

Pricing in 1000 up quantities for LTC1196 
starts at $2.37 and $2.85 for 
LTC1096. For more details, 
contact Linear Technology 
Corporation, 1630 McCarthy 
Boulevard, Milpitas, California 
95035/408-432-1900. For litera- 
ture only, call 800-637-5545. 
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Introducing Philips arbitrary waveform generator. 


Think of the Philips PM 5150 arbitrary waveform 
generator as a real life simulator. One that can 
simulate any desired user-defined waveform. In other 
words: unlimited waveform simulation at your 
fingertips. 

No need for expensive test models. It will match 
those signals encountered under 
actual operating conditions. All at 
half the price and twice the 
performance of other waveform 
generators. Sounds too good to be 
true? 


Just look at the specs. 

Digital waveform synthesis with 12 bit amplitude 
resolution and 32K of waveform memory allows you to 
Create, store and edit the most complex waveforms. 
All this at a maximum speed of 20MS/s. A choice of 





20 standard waveforms gives access to common test 
signals. 


Build your own waveforms. 

If, however, you run these 20 standard wave- 
forms through the math, scaling and editing functions, 
over 1 million tailor-made waveforms 
are available. Waveform editing Is 
extremely easy via the front panel or 
optional mouse. 


Optional sequence generator. 

For unprecedented versati- 
lity, the optional sequence generator 
will repeat and link waveforms in any order. 

More memory. More speed. The new Philips PM 
5150 arbitrary waveform generator. Real life simulation 
at a real low price. 


You'll measure better performance 


For literature or a demonstration call: 


Austria (0222) 60101-1772, Belgium (02) 5256692/94, Denmark (32) 882100, Finland (90) 5026371, France (1) 49428080, Germany (0561) 501466, Great Britain (0923) 240511, 
Ireland (061) 330333, Italy (039) 2036519, Netherlands (040) 503100, Norway (22) 748381, Portugal (1) 683121, Spain (1) 4042200, Sweden (08) 7821300, Switzerland (01) 7452244. 
For countries not listed, write to: Philips Test & Measurement, Building TQIII-3 5600 MD Eindhoven, The Netherlands. 


* PHILIPS 
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DIGITAL-NOISE GENERATION 


oped DSP-based waveform synthesizer to incorporate 
the DNG algorithm. Thus, we had a composite real- 
time signal consisting of MF tones plus Gaussian noise 
to use as a source. We used an already existing user 
interface to vary the levels of the tones and noise. 

Table 1 shows the results of the MF decoder per- 
formance for the DNG versus the GenRad 1390B, 
which is a commercially available random noise genera- 
tor. In all cases, we used nominal MF frequencies, and 
the level of each tone was set to —22 dBm at 6000. 
The MF tone-switching rate was 70-msec ON and ‘70- 
msec OFF. 

Both noise sources performed equally well for a noise 
level of —30 dBm, which actually exceeds the LSSGR 
requirements. We then raised the noise level to cause 
the MF decoder to fail (ie, miss digits). The two noise 
sources differ by 8.5% for the noise level required to 
produce the same MF decoder-error rate. After ac- 
counting for variations in the hardware test configura- 
tions, approximately a 5% difference remains between 
the DNG and 1390B noise levels. The internal struc- 
tural differences of the noise sources themselves ap- 
pear to be the cause of this difference. For this test 
case, the MF decoder appears to tolerate a slightly 
higher level of Gaussian noise from the DNG than the 
1390B, for a given detection error rate. 

The 16-bit, fixed-point DNG real-time performance 
compared favorably to that of a commercially available 
noise generator for moderate DSP sample rates. The 
fixed-point DNG performance is probably adequate for 
those applications where the accuracy of the random 
distribution is not of paramount importance. The DNG 
algorithms can offer a flexible and cost-effective solu- 
tion for random noise generation, especially in those 
applications where you are already using DSP tech- 
niques. 

You could increase the DNG’s noise bandwidth if 
you increased the sample rate. However, this increase 
impacts hardware cost, especially for the DAC and the 
output lowpass filter needed. The commercial unit used 
for comparison here can generate noise up to 5 MHz 
in bandwidth. 

A major deficiency of the fixed-point DNG is the 
relatively small word length. Ref 1, for example, rec- 
ommends that the word length be at least 30 bits. 
Another deficiency has to do with the dynamic range 
(overflow .and scaling considerations). You could ad- 
dress both of these deficiencies by using a 32-bit, float- 
ing-point DSP chip. However, floating-point DSP de- 
vices are typically slower and more expensive than 
their fixed-point counterparts. 

Increasing the batch size would improve the distribu- 
tion of the Gaussian sequence at the expense of in- 
creased computational load. The tradeoff is between 
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Table 1—DNG output sequence values 









Uniform x(n) Gaussian g(n) 






Iteration, n Value Value Value Value 
1 | 6087 | 26005 | sa7F [104899 
2 aa0F [19927 
3 14239 
4 14187 
5 5EA3 19135 





the accuracy of the output distribution and the DSP 
chip’s speed. This tradeoff ultimately limits the band- 
width of the resultant noise signal. EDN 
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However, the MSB cycles with a full period. Therefore, 
the sequence Eq 3 generates has a full period of length 
m (ie, the sequence repeats after m values). 

Fig 2 shows the algorithm used to implement Eq 3 
for uniformly distributed pseudo random numbers. No- 
tice that Eq 3 is partitioned so that [ax x(n)] mod m 
is calculated first, and then the modulo m addition to 
c is done. Fig 3 shows the algorithm used to implement 
Eq 2 for Gaussian-distributed pseudorandom numbers. 
The batch size for Gaussian noise was 16, and the 
uniformly distributed random numbers come from Eq 
3. Notice here that each element of the summation is 
divided by the batch size before adding it to the run- 
ning sum. You do this to prevent overflow errors. You 
can easily apply these algorithms to other single-chip 
DSP devices with perhaps minor changes due to archi- 
tectural differences. 

Listing 1 shows the source code used to implement 
the Uniform algorithm on the 77P25. Listing 2 shows 
the source code used to implement the Gaussian algo- 
rithm. The Listing Table shows the first five numbers, 
in integer format, of the Uniform and Gaussian output 
sequences. (Both Listings and the Listing Table are 
located on the EDN BBS.) 

Evaluating the results of several simulation pro- 
grams addressed the question of how random the DNG 
is. These simulations showed that the raw DNG noise 
distributions have the expected shape. The results of 
two statistical tests for proper fit indicate that the 
hypothesis of normality for the Gaussian case is accu- 


BEGIN 
GET XOLD=x(n) 
MULTIPLY x(n) BY a 
SET ACCUMULATOR-[ a x(n) | mod m 
SET ACCUMULATOR=|[ accumulator + c ] mod m=x(n+1)=XNEW 
SET XOLD=XNEW 


. RETURN 


END 


Fig 2—You can generate uniformly distributed, pseudorandom 
numbers with the program illustrated here. 


nnn CCC Cc cn cccrce reer ee 


| 


GENERATE UNIFORM SAMPLE x(n) 


DIVIDE x(n) BY 16 AND ADD TO RUNNING BATCH SUM 


DECREMENT BATCH COUNT 


» Be IS BATCH COUNT <0 re / 


STORE BATCH COUNT-1_ SET g(n)=BATCH SUM 


INITIALIZE BATCH COUNT =15 
INITIALIZE BATCH SUM =0 


RETURN 





Fig 3—You can generate Gaussian-distributed, pseudorandom 
numbers by taking the output of the uniform algorithm described 
in Fig 2 and following this flowchart. 


rate. The autocorrelation function of the DNG com- 
pared to the drand48 function (a function Sun Mi- 
crosystems Inc’s C Library provides) are slightly dif- 
ferent, but not radically so. 

We performed further tests using the hardware de- 
sign shown in Fig 1. We scaled the internal DNG ran- 
dom numbers for a zero mean by subtracting '2 and 
expanded them to full scale by multiplying by 2 so 
that the DSP chip’s output range was between —1 and 
+1. In order to use the codec DAC, we performed a 
linear-to-plaw software conversion before outputting 
the noise sample. A lowpass filter inside the codec 
band limits the analog noise output signal to approxi- 
mately 3 kHz. The codec output has a full-scale excur- 
sion of +8V, which introduces a voltage gain factor 
of 3 between the DSP chip’s output and the final analog 
output. 

These lab tests showed that the measured values for 
the mean and variance are close to theoretical values. 
Also, the Gaussian frequency spectrum of the DNG 
compares well to that of a commercially available noise 
generator for the 3-kHz band-limited case. 

We needed the Gaussian noise source in order to 
test the detection of multifrequency (MF) tones in the 
presence of Gaussian noise. The Bell Communication 
Research LSSGR (Ref 6) defines the required MF de- 
coder performance. We modified our internally devel- 
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(least significant bits) of X. For example, (a x X) mod 
m is simply the product (a x X) truncated to m LSBs. 

One method to generate a Gaussian (or normal) dis- 
tributed random-number sequence is to apply the Cen- 
tral Limit Theorem to batches of uniformly distributed 
random-numbers (Refs 3 and 4). You can mathemati- 
cally express this idea as follows: 


B-1 


1 
g(n)=— )'x(i), 


i=0 


(2) 


where the x(i) are uniformly distributed, independent 
random numbers; B is the batch size; and g(n) is a 
member of a set of random numbers approximately 
Gaussian distributed. 

This algorithm produces a pseudorandom sequence 
whose distribution is close to Gaussian, provided that 
the batch size B is greater than 10. If you choose a 
power of 2 as your batch size, then you can use a 
shift-right operation to simplify the required division 
within the DSP chip. 

The data representation internal to the 77P25 is the 
16 bit, two’s-complement, fractional format. This 
means that the most significant bit (MSB) is the sign 
bit followed by an implied binary point. The remaining 
15 bits contain the fraction magnitude. You can repre- 
sent the range of numbers —1.0 to (1—2°°) in this 
format, or you can express them with hexadecimal 
numbers as 8000H to 7FFFH. 

To apply the linear congruential generator in this 


CLOCK CONTROL 


8 2.048 8 
MHz MHz kHz 


NEC 
uPD77P25 
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case, we used m=2”, which is the size of the fraction 
magnitude. Then Eq 1 will generate positive integers 
between 0 and 32768. 

However, the interpretation of these integers is x(n)/ 
m, so that the end result will be a sequence of numbers 
that lie between 0 and 1. Refs 1, 2, and 5 discuss some 
criteria for choosing the four constants of Eq 1. The 
modulus m should be as large as possible so that the 
sequence it generates has a long period. The multiplier 
a should lie between 0.01 and 0.99 m, such that a mod 
8=5. For example, a value of a=9821 satisfies this 
criteria. The increment ¢ is immaterial when a is a 
good multiplier, except that it must have no factor in 
common with m. For example, a value of c= 6925 satis- 
fies this criteria. 

You may arbitrarily choose the seed value x(0). No- 
tice that a given seed value will exactly reproduce the 
same stream of random numbers. This feature may 
be useful in those applications where identical random 
numbers would yield a more precise comparison of the 
performance of different systems. For most of this arti- 
cle’s data, 11186 is the seed value, although several 
other values were also tested. The linear congruential 
generator now becomes: 


x(n + 1) =[9821 x x(n) + 6925] mod 2”. (3) 


The LSBs of the numbers Eq 3 generates are not 
very random, but cycle with regular patterns. This 
nonrandom behavior is characteristic of all generators 
of Eq 1’s form, where m is some integer power of 2. 


Fig 1—To test the noise produced by the 
DNG algorithm, we used an existing plat- 
form that included the DSP and codec. 
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Fixed-point DSP 
chip can generate 
real-time random noise 


Bill Salibrici, TeleSciences Co Systems 


An inexpensive, 16-bit, fixed-point DSP chip can 
generate real-time pseudorandom noise sig- 
nals for testing the performance of telephony 
systems in the presence of noise. 


As device costs drop and development support grows, 
DSP chips are finding use in diverse applications, such 
as in real-time digital waveform synthesis. Increased 
DSP use raises two questions: Can you exploit the 
fast multiply-accumulate capability of single-chip DSP 
devices to generate real-time random noise samples, 
and, if so, how would the performance compare to a 
commercially available noise generator? To answer 
those questions, we wrote and tested a DSP applica- 
tion. This application required a signal plus random 


noise, as is often needed in testing digital filters used 


to implement tone detection. We developed the digital 
noise generator (DNG) algorithm to generate real- 
time, pseudorandom, uniformally or Gaussian-distrib- 
uted signals. 

We used the p»PD77P25, a 16-bit fixed-point DSP 
chip from NEC Electronics, to test the DNG algorithm. 
The chip is a second-generation, medium-speed, single- 
chip device. We chose the chip out of convenience; the 
hardware platform from an existing application was 
already available. However, the concepts presented 
in this article are applicable to other fixed-point, as 
well as floating-point, DSP chips. Fig 1 shows a block 
diagram of the hardware used to test the algorithm. 


Software listings for this article are available on EDN’s computer 
bulletin-board system (BBS). Phone (617) 558-4241 with modem 
setting 300/1200/2400 8,N,1. Access /freeware SIG and specify 
(r)ead option followed by (k)eyword search for “MS #530". 





The p»PD77P25 has a serial output port that can inter- 
face to a simple, low-cost codec, which we used as a 
DAC. 

The codec also contains internal antialiasing filters, 
which further simplifies the hardware. Other fixed- 
point DSP chips that include a serial output port are 
the Analog Devices ADSP-2101, AT&T DSP16, Mo- 
torola DSP56000, and Texas Instruments TMS320C25. 
The sample rate used here is 8 kHz, which means that 
the highest frequency component contained in any syn- 
thesized output waveform must be band limited to 4 
kHz or less to prevent aliasing errors. 

The linear congruential generator (Refs 1 and 2) 
was used to generate a uniformly distributed random- 
number sequence given as follows: 

x(n+1)=[ax x(n)+¢]mod m, (1) 
where a, c, and m are constants; mod is the modulus 
operator; n=0; and x(0) is the seed or starting value. 

For properly chosen constants and a given seed 
value, this algorithm produces a uniformly distributed, 
pseudorandom sequence of positive integers between 
0 and m. The term pseudorandom simply means that 
you use a deterministic method to generate a sequence 
of numbers that appear to be independent draws from 
a uniform distribution. Eq 1 basically states that you 
can obtain the next value in the sequence from the 
previous value through several operations, including 
the multiply-add combination for which DSP devices 
are well suited. The modulus operator gives the re- 
mainder of one number divided by another. If m is 
chosen to be the word size of the DSP chip, then the 
modulo m operation becomes quite simple. The opera- 
tion (X) mod m is accomplished by taking m LSBs 
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Design Engineers Bulletin 


New Product and Applications Information for Design Engineers 


New 25ns, 5V, E7PROM is world's fastest! 


Turbocharge your DSP and high speed microprocessor design 





icor's new X28TC256 is the first E-PROM 
with access time compatible with Digital Signal 
Processing (DSP) circuits, and many high-speed 
microprocessors. The fast access time of the 
X28TC256 reduces system chip count by 
eliminating high-speed static RAMs previously 
required as fast read buffer memories. Sixty-four 
bytes of data may be read at high-speed before an 
automatic wait signal indicates the end of 
sequence. Page-to-page latency time is 150ns 
after which the 25ns per byte data raté resumes. 
Full memory read is achieved at TAA (effective) 
of less than 27ns per byte. The 5-volt X28TC256 
does not require the complex write algorithm 
common to flash-type devices. Internal write 
cycle controls are fully automatic. User friendly 
features such as Software Data Protect (SDP) and 
end of write cycle indication (Data polling) are = 
also standard. The X28TC256 is available in The X28TC256 improves system chip count by eliminating 
32-pin DIP or surface mount packages. high-speed static RAM'’s. 


Finally, the perfect memory! 
35ns RAM never forgets data on power down 


The 5-volt X28TC256 Read Access Timing 





y AUTOSTORE feature of the X20C17 2K X 8 High Speed Static RAM prevents loss of important data during 
power-down periods without requiring additional circuitry or components. When the system voltage falls below 
4.0 Volts, the X20C17 will automatically 
capture the data currently in its RAM and 
store it in E7PROM. The store operation is 
complete in a maximum of 2.5 msec. Once the 


Voc data is stored in this manner it cannot be 
ete _ forgotten. Data retention is guaranteed to be 
AUTOSTORE CYCLE IN PROGRESS in excess of 100 years, even at high 


YASEND | temperatures. On power-up, the device will 
recall data from the E7PROM into the RAM. In 
tasto _ this way, any data that is written into the 

STORE TIME X20C17 will remain valid until altered by the 
system regardless of the status of the system 
supply voltage. The X20C17's fast access time 
(35 nsec) allows it to be interfaced directly to 
high speed buses, eliminating the need for 
external buffering circuitry or wait states. 





The X20C17 automatically captures data to F:PROM cells when 
system power levels decrease to 4.OV. 


a AN a eae aL he cet ENT APC, CMe ate PATEL AEC LR ce ete ee ee ee eT 
Xicor Inc., 1511 Buckeye Drive, Milpitas, CA 95035 Fax (408) 432-0640 Tel (408) 432-8888 
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Harmonic Attenuator Module 








HM Universal Input: 85-264 VAC, 50/60 Hz HM Adaptive Output Voltage Control (rat. pend.) 


H Up to 600 Watts of Power M@ Input Surge Current Limiting 
HM Booster Versions Available : M@ Short-Circuit Protection 

M Meets IEC 555 : HM Module Enable and Power OK 
M@ High Efficiency Mm Size: 4.6" x 2.4" x 0.5" 


Use VI-HAM modules with Vicor VI-26X or VI-26X DC-DC Converter 
VI-J6X MiniMod™ DC-DC converters in tae ns available: 
booster-expandable arrays to satisfy a wide Biapid putber auictlable: 
range of power demands. And when your 50-200 watts 


system has to meet international standards for 
EMI/RFI emissions, choose the Vicor filter 
that fits your need. 





VI-J6X MiniMod DC-DC Converter 
Output voltages available: 

1-95 VDC 

Output power available: 

10-100 watts 


Build new flexibility into your power system 
designs with the VI-HAM module. 
Call today for details. 





Component Solutions For Your Power System 


Vicor Corporation, 23 Frontage Road, Andover, MA 01810 (508) 470-2900 or (800) 735-6200 
Vicor GmbH © Germany « Tel: +49-89-329-2763 * Fax: +49-89-329-2767 Vicor Far East © Taiwan « Tel: +886-2-9188240 « Fax: +886-2-9132982 
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The pressure is on to wring more and more 

usable power from a standard AC outlet—safely 

and economically. And to pack the necessary 
power-processing capability into ever-smaller 
spaces, preferably at the point of load. 

Needed: a board-mounted module that offers up 


to 600 watts of power...power factor of better 
than 0.99...and power density greater than 
watts/ins. 









Input 
Current 





100 


Power Factor Correction with VI-HAM 
Input Fa LAA. uf 


\ 
] 
"3 


Solution: the VI-HAM Harmonic Attenuator 
Module. This component-level front end— 
in the industry standard package—provides 

unity power factor for line powered systems 


anywhere in the world. Vicor DC-DC converters 
and VI-HAM modules together create a 





universal input, offline switching power supply 
for systems requiring from hundreds of watts 
No Power Factor Correction 


to kilowatts of total power, with any number of 
outputs, from 1 to 95 VDC. 
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SIMULATING COMPONENT VARIATIONS WITH SPICE 


shows an 8-pole, lowpass Butterworth filter con- 
structed with four Sallen and Key (Refs 4 and 5) low- 
pass filters. A common perception is that multiple-pole 
filters produced in volume will not perform reliably 
because of component variation. The concern is that 
component variation will distort a filter’s performance; 
poles will shift so much that the filter will no longer 
be a true Butterworth filter. Monte Carlo analysis can 
investigate this concern. 

Listing 2 models Fig 4’s filter circuit using 10% ca- 
pacitors and 1% resistors, both with uniform distribu- 


Listing 2—Simulation model for 
an 8-pole Butterworth filter 


V1 10 Ac 1.0V iInput signal is 1 volt 
Rl 1 2 ONE_PERCENT R 31.6K 
R2 2 3 ONE_ ’ PERCENT | R 14.3K 
Cl 2 4 TEN PERCENT C 0.082UF 


#Sallen and Key Filter #1 


c2 30 TEN _ PERCENT Cc 0.068UF 
El 4 0 (3, 4) 1000K 


R3 4 5 ONE PERCENT R 22.1K ;Sallen and Key Filter #2 
R456 ONE_ PERCENT | R 16.9K 

C3 5 7 TEN_ ' PERCENT | Cc 0.1UF 

c4 6 0 TEN. PERCENT Cc 0.068UF 
E27 0 (6, 7) 1000K 


R5 7 8 ONE PERCENT R 31.6K 
R6 8 9 ONE PERCENT R 13.7K 
C5 8 10 TEN PERCENT C 0.15UF 
C6 9 0 TEN PERCENT C 0.039UF 
E3 10 0 (9, 10) 1000K 


;Sallen and Key Filter #3 


R7 10 11 ONE _ PERCENT R 37.4K 
R8 11 12 ONE_ PERCENT _ R 14.7K 
c7 11 13 TEN_ PERCENT | Cc 0.39UF 
C8 12 O TEN _. PERC CENT _| ¢ 0.012UF 
E4 13 0 (12, 13) 1000K 


7Sallen and Key Filter #4 


71% uniform distribution | 
710% uniform distribution 


ONE PERCENT R RES(R=1 DEV=1%) 
TEN PERCENT _C CAP(C=1 DEV=10%) 


- MODEL 
«MODEL 


-AC DEC 50 30 


300 750 points/decade, 30 to 300 Hz 
-MC 50 AC V(13) YMAX LIST OUTPUT ALL 


350 runs. Monitor ed using 
7 YMAX collating function 
-PROBE V(13) ;Specify PSpice “oscilloscope" 


- END 


FREQUENCY VS GAIN FOR 
8-POLE BUTTERWORTH FILTER 


FILTER 
GAIN 
(dB). 


FREQUENCY (Hz) 





Fig 5—The simulated gain for Fig 4’s circuit shows that the circuit 
does, as intended, behave like a Butterworth filter. The plot shows 
the results from three of the 25 simulation runs: the run with 
nominal component values, the run with the lowest gain, and the 
run with the highest gain. 
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tions. Again, high-gain voltage-controlled voltage 
sources replace op amps to simplify the PSpice model. 
The .AC directive specifies the frequency domain, 
which is well suited for analyzing filters. The .PROBE 
directive specifies PSpice’s graphical output. 

The filter’s simulated gain appears in Fig 5. The 
curves are from three of 25 simulation runs: the run 
with nominal component values, the run with the low- 
est gain, and the run with the highest gain. Although 
the cut-off frequency varies, the filter appears to be- 
have like a Butterworth filter. : 

Monte Carlo analysis helps you understand the ef- 
fects of component tolerances on circuits without hav- 
ing to rely on rules of thumb or guesses.’ Because you'll 
understand these effects before a circuit goes into pro- 
duction, you can correct many problems in the design 
phase. And depending on the version of Spice you use, 
your current circuit models should require only a few 
changes to let you analyze performance using Monte 
Carlo techniques. EDN) 
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WITH OMRON SWITCHES, YOUR MOUSE 
CAN NOW EXPEGT 10 RUN FIVE TIMES LONGER. 


When computer mouse manufacturers needed a tiny, yet highly reliable snap action 

switch that could stand up to rough, high-frequency switching, they turned to Omron. To 

meet the challenge, Omron developed the model D2F subminiature switch. With its 

remarkably small size and incredible life of 5 million operations, the advanced switch 

really “clicked” with the industry. For advanced switching solutions for the office automation, computer 


peripheral, apphance and consumer electronics industries, Omron provides the performance you 
need in basic switches. Choose standard, micro, miniature and subminiature styles in a wide variety of 
contact configurations, amp ratings, terminal types or actuator styles. With highly automated produc- 


tion and 100% performance testing 
with zero defects. And with our 
switch you need — fast. So, if you’re 
find the nght switch, call Omron at 


OMRON. 


WE HAVE THE FUTURE IN CONTROL. 
CIRCLE NO. 92 


you get consistently high quality 
large local inventones, you get the 
tired of running around in circles to 


1-800-62-OMRON. 
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SIMULATING COMPONENT VARIATIONS WITH SPICE 


To compare the many simulations mathematically, 
Monte Carlo methods use collating functions. Spice pro- 
~ grams let you choose a collating function according to 
the measure of performance you consider most impor- 
tant. For example, if you’re simulating a switching 
circuit, you might want to know when a rising edge 
occurs. In this case, you can specify that the time of 
the edge be recorded for each simulation. Different 
versions of Spice offer different collating functions; for 
example, PSpice has five to choose from. However, 
you can choose only one function for per Monte Carlo 
analysis. 

The following examples use an intuitive collating 
function, called YMAX, which compares simulations. 
The first simulation run uses nominal values for each 
component; subsequent runs use random numbers to 
generate values for all components and their toler- 
ances. The value of YMAX results from comparing the 
output waveform of each run to that of the first, or 
nominal, run. The YMAX value is the point of greatest 
difference between the two waveforms. 


Analyzing circuits 

Two examples illustrate Monte Carlo analysis. The 
first considers the effects of cascaded gain stages; the 
second examines the effects of component variation in 
a high-pole-count analog lowpass filter. 

A common question among engineers concerns a cascad- 
ed op-amp circuit such as the one in Fig 3: If each of the 
six resistors has 1% tolerance, how much should you ex- 
pect the overall gain to vary? The easy answer is to as- 
sume the worst case: +6%. This would occur if Rl, 
R38, and R5 were 1% low, and R2, R4, and R6 were 
1% high. It is unlikely that this combination would ever 
occur, but how much variation would be likely to 
occur? Monte Carlo analysis answers just such questions. 

Listing 1 contains a model for the Monte Carlo analy- 
sis of the circuit in Fig 3. Note that high-gain voltage- 
controlled voltage sources replace the op amps in order 


 €320.1UF 
C1=0.82UF a 


R3=22.1K — 


R2=14.3K 


UO 
R1=31.6K 
C2=0.068UF 





| / ss | R8=14.7K VOUT 
| R6=13.7K / = | 
| R7=37.4K  . 
R4=16.9K | : — 
DE.31 6K qi C8=0.012UF -— 


C4=0.068UF 








Listing 1—Simulation model for 
cascaded op amps 


V1 101.00 ;Input signal is 1 volt D.C. 
Rl 1 2 ONE PERCENT _R 

R2 2 3 ONE_PERCENT_R 1 
El 3 0 (0, 2) 1000K 


:Gain stage #1 


R3 3 4 ONE_PERCENT_R 
R4 4 5 ONE_PERCENT_R 
E2 5 0 (0, 4) 1000K 


:Gain stage #2 


R5 5 6 ONE_PERCENT_R 
R6 6.7 ONE_PERCENT_R 
E3 7 0 (0, 6) 1000K 


?Gain stage #3 


MODEL ONE_PERCENT_R RES(R=1 DEV=1%) 1% uniform distribution | 
7D.¢c. analysis at 0 and 1 volt 
';250 runs. Monitor V(7) using 
;YMAX collating function 


-DC V1 0.0 1.0 1.0 
-MC 250 DC V(7) YMAX LIST OUTPUT ALL 


- END 


to simplify the PSpice model. Note also that only a few 
lines make up the Monte Carlo model: an .MC line 
specifying 250 simulations and the YMAX collating 
function, and a .MODEL line specifying uniformly dis- 
tributed +1% resistors. 

Simulations using this model show that circuit gain 
varies much more than +1%. The greatest variation 
over 250 simulations is + 3.9%, and the gain from seven 
simulations (of 250) varied more than +3%. 

The results are very different, however, when the 
circuit’s resistors have a normal, rather than uniform, 
distribution. To change the distribution, you need only 
modify the .MODEL line to 


MODEL ONE_PERCENT_R RES(R = 1 
DEV/GAUSS = 0.25%) 


With this change, the greatest variation in circuit gain 
over 250 simulation runs is +1.8%, and only 21 runs 
show gains that vary more than +1%. 

Simulating the effects of component variation in a 
filter is another use for Monte Carlo analysis. Fig 4 


| C7=0.39UF 
C5=0.15UF _ 


i C6-0.039UF 


Fig 4—For this 8-pole, lowpass Butterworth filter, Monte Carlo analysis can help determine if the filter’s poles will shift so much that 


the circuit will no longer be a true Butterworth filter. 
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large volume, you would probably specify a normal 
distribution. However, if you’re using components that 
have been discriminately selected from a low-yield 
batch, the distribution will be closer to uniform. 

For example, manufacturers may select capacitors 
with +20%, +10%, and +5% tolerances from one 
manufacturing batch. The selected capacitors have a 
somewhat uniform distribution (Fig 2a); however, the 
remaining capacitors have a distribution with a “notch” 
(Fig 2b). To account for a distribution such as this, 
you have to specify the distribution yourself. 

In PSpice, you can divide custom distributions into 
as many as 100 parts, each part being a section of the 
distribution curve. You specify the distribution with 
two x,y pairs for each part. For example, you can 
specify a 5-part distribution for +20% capacitors (Fig 
2c) by using the following statements: 


.MODEL TWENTY_PERCENT_C CAP(C=1 
DEV/BI_MODAL 20%) 

-OPTIONS DISTRIBUTION = BI_MODAL 

-DISTRIBUTION BI_MODAL (-1, 0) (-0.5, 1) (-0.5, 0) 
(0.5, 0) (0.5, 1) (1, 0) 


One problem with statistical analysis is that compo- 
nent manufacturers usually don’t provide distributions. 
One lot of 20% capacitors may contain a substantial 
number of 10% capacitors because the manufacturer 
produced more than enough 10% capacitors to fill or- 
ders; the next lot may not have any 10% capacitors. 

If you don’t know the distribution, you can take a 
guess; uniform distribution will usually provide reason- 
able results. If you’re especially concerned about a 
component, you can contact the manufacturer, but 






NOTE: Ri THROUGH R6=1K+1%. == 


Fig 3—In a cascaded op-amp circuit, the tolerances of the resistors 
combine to affect the circuit’s gain. In the worst case, the gain 
varies by +6%; however, it’s likely that the actual variation 
will be less. 


don’t expect much help. The manufacturer may provide 
guidance but probably won’t make any commitments. 

Spice programs such as PSpice use Monte Carlo 
analysis to investigate component variations. Monte 
Carlo analysis, as its name implies, is based on chance. 
It involves using random numbers in a calculation that 
has the structure of a statistical, not deterministic, 
process (Ref 3). 

Monte Carlo methods often fall into two categories: 
solution and simulation. Solutions directly solve a prob- 
lem, such as determining the numerical value of 7. 
Monte Carlo methods for circuit analysis are in the 
second category—simulations. 

The effects of component tolerances on circuit 
performance are statistical, and those effects can be 
characterized by simulating a circuit multiple times. 
Each time, the simulation generates random numbers 
to create new values for components with tolerances. 
The combination of many simulations predicts the 
range of performance you can expect from the circuit. 


Spice programs with Monte Carlo analysis 


For information about Spice pro- 
grams that feature Monte Carlo 
analysis, contact the following com- 
panies: 


before buying a complete pack- 
age. They usually do everything, or 
almost everything, that production 
versions do, but they limit the size 
and complexity of circuits you can 
simulate. . 


Spice programs that include Monte 
Carlo analysis are available from 
several vendors, and some pro- 
grams are available in modestly 
priced evaluation versions. Evalu- 
ation versions let you experiment 


Tatum Labs Inc 

3917 Research Park Dr, Suite B-1 
Ann Arbor, MI 48108 

(313) 663-8810 

Circle No. 355 


Intusoft 

2525 S Western Ave, Suite 203 
San Pedro, CA 90732 

(301) 833-0710 

Circle No. 351 


Meta-Software Inc 
1300 White Oaks Rd 
Campbell, CA 95008 
(800) 346-5953 

Fax (408) 371-5100 
Circle No. 352 


Microsim Corp 

20 Fairbanks 

Irvine, CA 92718 
(800) 245-3022 
Fax (714) 770-3022 
Circle No. 353 


Spectrum Software 
1021 S Wolfe Rd 
Sunnyvale, CA 94086 
(408) 738-4387 
Circle No. 354 
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SIMULATING COMPONENT VARIATIONS WITH SPICE 


any model by following the parameter with 
“DEV =nn%”. For example, a transformer (K) can 
have a variable-effective air gap if you add the lines 


K1 1234 VARIABLE_AIR_GAP 100UH 
MODEL VARIABLE_AIR_GAP CORE 
(GAP =0.1 DEV =5%) 


Here, the air gap is 0.1 em +5%. 

Sometimes, parameters vary in groups. PSpice pro- 
vides the LOT directive for these cases. For example, 
suppose you're using a resistor pack with eight resis- 
tors that you know have a tolerance of +1% and are 
matched to be within 0.2% of each other. The resistor 
model would be 


MODEL ONE_PERCENT_RPAK RES(R = 1 
DEV = .02% 
LOT = .08%) 


With this model, you can specify eight resistors in 
your circuit. (Actually, this same statement can specify 
any number of resistors in a pack.) The values of the 
eight will vary +1% from one run to the next, but on 
any given run, they will vary only +0.2% from each 
other. If the circuit has more than one resistor pack, 
you need a .MODEL directive for each one. These 
directives let the resistances of one pack vary from the 
resistances of a second pack by the full +1%. 

A component’s tolerance describes only the limits 
of variation. For a complete description, you must also 
know the statistical distribution—how likely a compo- 
nent is to take on a particular value. (Distribution is 


UNIFORM DISTRIBUTION _ 


U-20 U-O UJ U+G U+20 


GAUSSIAN DISTRIBUTION 


Fig 1—If the statistical distribution of components is uniform (a), 
then component values are equally likely to have any value within 
their tolerance band. The Gaussian, or normal, distribution (b) is 
the most common distribution in manufacturing, however. 
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actually the integral of density. However, it is common 
to refer to a graph of statistical density as a “distribu- 
tion,” and the examples used here follow that conven- 
tional usage. ) 

The simplest distribution is uniform (Fig la), in 
which components are equally likely to take on any 
value within the tolerance band. PSpice defaults to 
uniform distributions. PSpice also supports Gaussian, 
or normal, distributions (Fig 1b), which are the most 
common distributions in manufacturing. 

Gaussian distributions are described by two parame- 
ters: the mean, or average (usually represented by x 
or »), and the standard deviation (a). Components with 
normal distributions are much more likely to take on 
values in the center of the tolerance band rather than 
at the outside edges. 

You can specify a normal distribution for + 1% resis- 
tors with the PSpice command 


MODEL ONE_PERCENT_GAUSS_R RES(R=1 
DEV/GAUSS = 0.25%) 


Here, the resistor values have a normal distribution 
and o = 0.25%. PSpice limits values of normal distribu- 
tions to +40, so ONE_PERCENT_GAUSS_R can 
vary +1%. 

Manufacturing tolerances usually have normal distri- 
butions, so if you’re using a component produced in 









‘ALL CAPACITORS 


oh REMAINING CAPACITORS 








—0.5 0 
_ APPROXIMATE DISTRIBUTION 
OF REMAINING CAPACITORS 


=0.5 






Fig 2—Capacitors with a specified tolerance may have a somewhat 
uniform distribution that doesn’t include the Gaussian curve’s 
“tails” (a). After those capacitors have been removed from a man- 
ufacturing batch, the remaining capacitors have a distribution with 
a “notch” in the middle (b). To account for distributions such as 
this one in Spice, you have to specify the distributions yourself (c). 
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THE DEFINITIVE SYSTEM FOR 
TECHNICAL COMPUTATION 


“Not merely a product but a revolution” 
— Macworld 


“The importance of the program cannot 


be overlooked” 
— New York Times 


Basic function: Integrated environment for 
numerical, symbolic, graphical computation, 
interactive programming. 


Users: Scientists, engineers, mathematicians, 
programmers, financial analysts, students. 
Over 150,000 worldwide. Includes all 50 
largest U.S. universities. 


Numerical computation: Arbitrary-preci- 
sion arithmetic, complex numbers, special 
functions (hypergeometric, elliptic, etc.), com- 
binatorial and integer functions. Matrix opera- 
tions, root finding, function fitting, Fourier 
transforms, numerical integration, numerical 
solution of differential equations, function 
minimization, linear programming. 
amine 
ws Numerical Computation 
Stil |= 


34°70 
Out S/e 


2503155504993241601315571986085849 
lnfl2fs 
Hypergeometric2F1[7, 5, 4.1, 3-I] 
Out[Z/e 


-0.00403761 - 0.00295663 I 





Symbolic computation: Equation solving, 
symbolic integration, differentiation, power 
series, limits. Algebraic operations, polynomial 
expansion, factorization, simplification. Oper- 
ations on matrices, tensors, lists, strings. 


TAA Symbolic Computation isha Ream aAMRE. 
# Symbolic Computation 
Inf ths ] 


Integrate[x / (a + Exp[x]), x] 


Qut{//= 1 
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Graphics and sound: 2D, 3D plots of func- 
tions, data, geometrical objects. Contour, 
density plots. 3D rendering with intersecting 
surfaces, lighting models, symbolic descrip- 
tions. Color PostScript output, combining and 
labeling, publication quality graphics, anima- 
tion (most versions). Sound from waveforms 
and data (most versions). 


Programming: High-level, interactive, symbol- 
ic language. Procedural and functional program- 





ming constructs. Transformation rules and pat- 
tern matching. Fully compatible on all platforms. 
No built-in limitations on computation size. 


Programming.ma ‘me 
E @ Programming 
log[1] ie) 
log[E] 1 


log[x_ y_] log{x] + log[y] 
log[x_ “n_] := n log[x] 


log’ [x_] = 1/x (* derivative *) 

log/: InverseFunction[log] = exp 

log/: Series[log[x_],{x_, 1, n_}] := 
Sum[-(-1)*k (x-1)*k/k, {k, 1, n}] + 
O[x, 1] *(n+1) 





External interface: Input of data (numbers, 
records, text) from files, programs. Output in 
TeX, C, Fortran, PostScript. Calling of external 
programs and functions. General MathLink® 
interprocess communication mechanism. 


User interface: Electronic book interactive 
documents mixing text, graphics, animations, 
calculations. Graphics, animation, sound in- 
terapplication compatibility. Style sheets, hi- 
erarchical outlining. Computation kernel can 
run on remote computer (most versions). 


Additional material: Journal, newsletters, 
more than 30 books. Add-on packages, free 
MathSource™ electronic resource. 


Versions: Macintosh ¢ Microsoft Windows 
e MS-DOS ¢ NEC PC « DEC RISC, VAX e HP 
e IBM RISC ¢ MIPS ¢ NeXT ¢ SGI e Sony ¢ 
SPARC, Sun-3 © CONVEX and others ¢ Net- 
work licensing available. Student versions. 
Now shipping Version 2.2. 


For the latest information call Wolfram Research at: 


1-800-441-MATH 





Wolfram Research 


Wolfram Research, Inc. . 
100 Trade Center Drive, Champaign, IL 61820-7237, USA 
+1-217-398-0700; fax: +1-217-398-0747; email: info@wri.com 


Wolfram Research Europe Ltd. 
Evenlode Court, Main Road, Long Hanborough, Oxon OX8 2LA, UK 
+44-(0)993-883400; fax: +44-(0)993-883800; email: info-euro@wri.com 


Representatives in over 30 countries; contact main office. 


©1993 Wolfram Research, Inc. Mathematica and MathLink are registered trademarks and MathSource is a trademark of Wolfram Research, Inc. Mathematica is not associated with Mathematica Inc., Mathematica Policy Research, Inc., or MathTech, Inc. All other product names mentioned are trademarks of their producers. 
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Use Spice to analyze 
component variations 
in circuit designs 








George Ellis, Kaydon Corp 


If you already use Spice to simulate circuits, 
you can easily use Monte Carlo methods to 
investigate the effects of component variation 
on circuit performance. Modifying your cir- 
cuit models to do this analysis is only a matter 
of adding a few lines. : 


In the hectic process of design, simulation, prototyp- 
ing, and testing, it’s easy to neglect variations in circuit 
components. If you do consider variations, you may 
add some margin to nominal component values and yet 
be guided by only a rule of thumb or an educated 
guess. Then, component tolerances can stack up the 
wrong way and yield unpleasant results. 

It’s possible, though, to accurately account for com- 
ponent tolerances without expending extraordinary ef- 
fort. Spice, the most popular circuit simulator today, 
provides a variety of tools for analyzing component 
variations. The most powerful of these tools is Monte 
Carlo analysis. 

Circuit performance varies because parameter 
values vary. The variations either can be determi- 
nistic or statistical. Deterministic variations are possi- 
ble to predict. For example, the resistance of copper 
is deterministic: It increases about 0.39% for every 
°C of temperature increase. The effect is the same, 
for all practical purposes, from one piece of copper to 
the next. 

It’s not possible, however, to predict precisely the 
effects of statistical variations on any given component. 
Examples of statistical variations include manufactur- 
ing tolerance (the variation of values from one unit to 





the next) and aging (the variation of values over time). 
Fortunately, you can analyze statistical variations with 
Spice. 

If you’re uncomfortable working with statistical vari- 
ation, it may be because the analysis tools seem myste- 
rious. However, if you already use Spice to simulate 
your circuits, you may be surprised to learn how easily 
Spice can simulate variations. In fact, you will probably 
need to make only a few modifications to your circuit 
models to investigate the most important sources of 
variation. 

The examples presented here use PSpice (Refs 
1 and 2), a version of Spice from Microsim Corp. 
The implementation of variation analysis differs 
among Spice versions, but the principles are the 
same. You should be able to apply this information to 
any version of Spice that offers statistical-variation 
analysis. 

PSpice lets you add a tolerance value to any parame- 
ter by using the DEV directive in the .MODEL com- 
mand. For example, you can specify a 1%, 20-kO resis- 
tor with these two lines: 


R1 12 ONE_PERCENT_R 20K 
-MODEL ONE_PERCENT_R RES(R=1 DEV =1%) 


When you simulate the circuit, the “ONE- 
—PERCENT_R?” in the specification for R1 will point 
PSpice to a model named ONE_PERCENT_R, which 
shows that R, the resistance multiplier, has a 1% device 
tolerance. (Incidentally, the character string 
“ONE_PERCENT_R” has no meaning itself; any 
name would have worked.) 

The DEV directive can apply to any parameter in 
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THE POWER TO DRIVE 2 WINDINGS WITH ONE IC 
2916, 2917, & 2918 Dual Full-Bridge PWM Motor Drivers 








FEATURES 


@ For Bipolar Stepper Motors or 
For Two DC Motors 


@ +.75 Aor +1.5 A Continuous 
Output Current 


m@ 45 V Output Sustaining Voltage 
® Internal PWM Current Control 








®@ Internal Clamp Diodes 


® Internal Thermal Shutdown 


Circuitry Elegantly 
Engineered To Meet Your 
System Requirements 


Containing two full bridges, the 
Allegro’s 2916, 2917, & 2918 motor 
drivers are designed to drive both 
windings of a bipolar stepper mo- 
tor or bidirectionally control two 
dc motors. Each bridge is 
capable of sustaining 


45 V and includes internal pulse- 
width modulation (PWM) control 
of the output current to +.75 A 
(2916) or +1.5 A (2917, 2918). Cur- 
rent is determined by the user’s 
selection of a reference voltage 
and sensing resistor. Included on 
chip are ground clamp and flyback 
diodes for protection against in- 
ductive transients. Internally gener- 
ated delays prevent cross-over 
currents when switching current 
direction. Thermal protection 
circuitry disables the outputs if 
the chip temperature exceeds 

safe operating limits. 


Designed For 
Manufacturability 


Allegro’s ICs are “designed-for- 
manufacturability” under stringent 
standards of Total-Quality. Design/ 
Production teams, under our 


PACE (Product And Cycle- 
time Excellence) program, 
work closely with our cus- 
tomers to meet their time- 
to-market and quality/reli- 
ability objectives. 








Headquartered in Worcester, 
Massachusetts, Allegro operates 
two Wafer-fabrication plants as 
well as assembly/test facilities. 
Design centers are located world- 
wide, sharing common cell libraries 
and design tools. 


Take A Test-Drive... 
Call For Samples 


Samples are available now. Just 
give us a call at 1¢508*ALLEGRO 
and we’ll have our Sample Pack in 
the mail to you the same day. After 
all, the measure of our success can 
only be your total satisfaction. 


THE PACE QUICKENS 





/CALL1 508 
115 Northeast Cutoff, Worcester, Massachusetts 0161 5 


ALLEGRO 
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Discover why more engineers are 
designing Scotchdamp” brand Vibration 
Control Materials into electronic equip- 
ment. From disk drives and circuit boards, 
to video cameras, sensitive measuring 
devices and even jet engines, thin, light- 


©1993 3M. 
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weight 3M damping materials efficiently 
dissipate vibrational energy. Mechanical 
fatigue, performance loss and unwanted 
noise are virtually eliminated. 

For a free brochure loaded with appl 
cation and technical information, circle 


the number below, call 612-733-4076 
or write: Vibration Control Systems, 3M 
Industrial Tape and Specialties Divi- 
sion, 3M Center Bldg. 220-8E-04, 
St.Paul, MN 55144-1000. Our FAX 
number is 612-733-0729. 


Innovation working for you 
Circle No. 28 For Sales Assistance 








